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INTRODUCTION

CONSEC may be used to perform concrete section analysis of reinforced concrete
members with or without embedded steel shapes. Options are available to calculate
section properties, interaction diagram, slenderness effects and perform section
analysis and/or moment-curvature analysis for given loads.

The online help file and graphical interface is shown in Section B. Verification
problems are included in Section C. Additional information is contained in the
following files installed in the program directory.

License.txt - The license agreement contains the terms and conditions for
use of this program and documentation.

Readme.txt — The installation instructions, copyright and trademark
notices and version history is contained in this file.

The following steps are recommended for users new to the program or specific
features.

1. To learn how to use the program, view the Flash Demonstration Movie
that is installed along with the program and read the "Instructions" section
of the help file.

2. To apply this program to a specific problem, find a similar case in the
Verification Problems section of this document. Run the program to see if
you can reproduce the results. If your problem varies significantly from
the Verification Problem, you should perform manual calculations for
verification.
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ONLINE HELP FILE

Consec help
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GRAPHICAL INTERFACE

COMCRETE SECTION ANALYSIS

File Define Reset Wiew Help

=10l x|

f'o=| 4000 Ec= | 3R05000
fe=[60000  Er- [29E+07

fg = | 36000 Eg= |2.9E+07

i1’
Rk

[ STEELSHAPE | LOADS |  STRESS-STRAIN
'DESIGN CRITERIA | CONCRETE |  REINFORCING
—DESIGN CRITERIA —UNITS

= English
|AASHTO (1995) | ?
= hetric
~MATERIAL STRENGTH —STRESS BLOCK

T

— o TRENGTHREDLICTION FACTORS —
Tension and flexure; | g
Camp and flexure: | 7

Shear and torsion: | 85

11

—RESISTAMNCE FACTORS —

Concrete; |1
Feinfarcing: |1
struct Stesal: |1

Mo inputfile specified

Mo outputfile specified
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CONCRETE SECTION ANALYSIS
File=  DCefine Reset  View Help

=10l x|

[

STEELSHAPE |

LOADS

| STRESS-STRAIN

DESIGN CRITERIA T

—RECTAMGLILAR SECTIONS

COMCRETE

| RENFORCING

¥ = L EXTREME COMPRESSHIN FIBTR

Mo of Sections: I 1

— SECTIOMN MO 1T ————
wiop:  Depth: Width:
oo o

| Add  Subtec]
4= »

— CIRCULAR SECTIONS

¥ =0 EXTREME COMMRESSION FIRER

Mo of Sections: ||1

—SECTION MO ] ————
“'oenter: Fadius;
|0 |0

[ Add_Subtract]

“| =

Mo inputfile specified

Mo output file specified
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CONCRETE SECTION ANALYSIS
File  DCefine Reset  View Help

=10l x|

STEELSHAPE |

| STRESS-STRAIN

[

DESIGN CRITERIA T

COMCRETE

|  REINFORCING

—RENFORCIMG LINES

% - [l EXTREME COMPRESSKN FIRER

& l"“"

—LIMNE MO
Yheg:  Length:  Angle:
O Ol E
Mbar: Abar:
O E

Mo of Lines: I 1

“ »

—REINFORCING ARCS

¥ = 0. EXTREME COMFREESICN FIRER

-

e
R
s

Tranls

Mo of Arcs: ||1

—ARC MO
Yoenter: Radius:  Abeg:
o o o
Atot MNbar Abar;
o o o
«| »]

Mo inputfile specified

Mo output file specified
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CONCRETE SECTION ANALYSIS
File=  DCefine Reset View Help

=10l

[ DESIGNCRITERIA | CONCRETE |  REINFORCING
STEEL SHAPE | LOADS | STRESS-STRAIN
—RECTANGULAR SHAPES
Mo of Shapes: I 1
- ExTF:EMEiC:P:FFESSM Fﬂil:“ — SHAPE MO 1
£
_—'- Yiop:  Depth: Width:
L WIDTH _I = I L I 0 I 0
= il uﬂl
—PIPE SHAPES

¥ = . EXTREME COMPREEEION FIRER

b

¥ i

Mo of Shapes: ||1

—SHAFE MO

Yeoen:  Radius: Thick:
o o o

“| =

Mo inputfile specified

Mo output file specified
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CONCRETE SECTION ANALYSIS N (=] §3
File=  Cefine Reset View Help
[ DESIGNCRITERIA | CONCRETE |  REINFORCING
STEELSHAPE | LOADS | STRESS-STRAIN |
+H
—

+M

LENGTH

Mo of loads:

Axcial load:
koment:
Shear:

Tarsion:

— LOAD COMDITISN Mo

+

1

|

0.0
0.0
0.0
0.0

.

1111

Ld

w

—SLEMDERMESS OFTIOMNE ——

" Mo slendermess effects

& dament magnification:

" Slenderwall design

= General P-delta analysis

Set Slenderness Parameters

Mo inputfile specified

Mo output file specified
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CONCRETE SECTION ANALYSIS — 0] x|
File=  Cefine Reset View Help
[ DESIGNCRITERIA | CONCRETE |  REINFORCING

STEELSHAPE |

LOADS

" Linear

™ Simple

¥ Eetorm koment-Cursature Analysis

—COMCRETE MATERIAL MODEL

el I_IZIEIE fl:
ecu: II] fizu:

f‘Mander‘ esp: |.005

Set Member Froperies

| STRESS-STRAIN

hE00

I 4110328
Calc foo |

foo:

TW

= Bilinear

= Parle

—STEEL MATERIAL MODEL

— RENFORCIMG FOIMT MO

oiresgs: ﬁ
-0.0F -45000 &

Sitrain:

—STEEL FOINT MO

otress: ﬁ
|—n.2 57600 &

atrain:

Mo inputfile specified

Mo output file specified
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w. MEMBER PROPE - 0] %]
File
—MEMBER FREOFERTIES ————
Length: Feft: lefffactor
0 | 1 | 1
—BOLIMNDOARSY COMDITICOMNS
Endi: Endj:
Shearrestraint M 7
boment restraint. T r

w. SLENDERNESS pARAru?
Fil=

=10 x|

—LOAD COMDITION MO

Initial deflection:

Initial rotation:

[T Tloads

Endi: Endj: Endi: Endj:
o [Ho EE
b1 ns: |i1n b1 |u.n
b2 ns: IEI.EI h2s: IEI.III
Betal: IEI BetalDs: IIII

+
*
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Fil=

~TPE

w. CONFINEMENT REINFORCING - |I:I |i|

 Meglect confinement

" Circular hoops
" Crossties

= Cylindrical steel casing

—HOOFS OR SFIRALS

Diameter: |-5

— COMFIGURATION

Bar diameter: | 5

Long spacing: |12
Concrete cowver. |25

Yield strength: | 53000

Ultirnate strain: | ng

111

—CROEE TIES

Tie spacing: |12

Core width:

Core height:

Mo of x=dir bars:

T

Mo of w-dir bars:

iCalc confined stress and strain
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File

=10l x|

CONTROL PARAMETERS
—MOMENT-CURWVATILIRE
Integration limits:
Ermin: IW crin: |57 rcing: W
ErrIE; IEi coinc: | 100
Binc: IWT cine: IUE— bsinc: IED—
psing: | 100
Fark model:
" Simple & Complex
— FAORMEMT-AXIAL INTERACTION
inc: IIIH— binc: IT pinc: | 100

Murmber af strain increments = 400

w. Define Calculat - | [ |i|

Fil=  Cefine

— DLUTREUT

W Section properties
W Interaction diagram
W Slenderness effects
W Section analysis

¥ tdomentcursature

Berorm Calculations
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VERIFICATION PROBLEMS

1.

Rectanqular section

Section properties

Interaction diagram

Braced frame slenderness per ACI 318

Section analysis per ACI 318

Moment-curvature analysis with simple concrete and reinforcing
models

moowy

Circular section

Section properties

Interaction diagram

Braced frame slenderness per AASHTO/AREMA

Section analysis per AASHTO/AREMA

Moment-curvature analysis with simple concrete and reinforcing
models

moowz

Slender wall design

A. Section properties
B. Interaction diagram
C. Slender wall design per ACI-318

Rectangular section with circular void

A. Section properties
B. Interaction diagram
C. Braced frame slenderness per OHBDC

D. Section analysis per OHBDC

Tee section
A. Section properties
B. Interaction diagram

Rectangular section with embedded steel wide flange

A. Section properties
B. Interaction diagram
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10.

11.

Circular section encased in steel pipe

A. Section properties
B. Interaction diagram

Circular section with 2 rings of reinforcing

A. Section properties
B. Interaction diagram
C. Moment-curvature analysis with complex concrete and reinf models

ACI 318-02 verification

A. Section properties (same as problem 1)
B. Interaction diagram (same as problem 1)
C. Section analysis per ACI 318-02 (new strength reduction factors)

CAN/CSA-S6-00 verification

A. Design criteria
B. Interaction diagram
C. Braced frame slenderness

CSA-A23.3 verification

A. Design criteria
B. Interaction diagram
C. Braced frame slenderness
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VERIFICATION PROBLEM NO 1
Reference: PCA, "Notes on ACI 318-99" Example 13.1
File = VER1.OUT
2{]!1
L [ ] L ]
2.5" to @ bar, t
f'. = 6000 psi
f, = 60 ksi
(8) #10 bars
As = 1.27in*/ bar
e Column A3 L = 256" k=0.86
LOAD M1,s M2ps P Ba
(K-FT) (K-FT) (KIPS)
1 82 162 1162 0.87
2 67 123 881 0.86
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FILE = VER1.OUT

* K Kk KX Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Xk Kk Kk kX K* Xk K*k K X
* *
* PROGRAM CONSEC *
* *
* INPUT DATA ECHO *
* *
* K K Kk Kk KX Kk Kk Kk Kk KX Kk Kk Kk Kk Kk Kk K* X Kk K* Xk K* X K*k X *
12/09/01, 10:09 am
DESIGN CRITERIA
Design Criteria = ACI-318
Units = English (inches, pounds)
MATERIAL STRENGTH:
Concrete compressive strength = 6000
Concrete modulus of elasticity = 4415201
Reinforcing yield strength = 60000
Reinforcing modulus of elasticity = 2.9E+07
STRENGTH REDUCTION FACTORS:
Tension and flexure = 0.9
Compression and flexure = 0.7
Shear and torsion = 0.85
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.75
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

c

Concrete
Reinforcing

ONCRETE CO

=

1
1

FIGURATION

1 RECTANGULAR SECTIONS:

Ytop Depth

0 20

Width

20

Add
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REINFORCING CONFIGURATTION

3 REINFORCING LINES:

Ybeg Length Angle Nbar Abar
2.5 15 0 3 1.27
10 15 0 2 1.27
17.5 15 0 3 1.27

LOAD CONDITIONS

(Units = K-ft)

2 LOAD CONDITIONS:

No Axial Moment Shear Torsion
1 1162.0 0.0 0.0 0.0
2 881.0 0.0 0.0 0.0

MEMBER PROPERTIES

MEMBER PROPERTIES:

Member length = 256
Effective length factor = 0.86
BOUNDARY CONDITIONS:
Condition End i End j
Shear restraint 1 1
Moment restraint 0 0
SLENDERNESS
(Moments in K-ft)
Moment magnification per design criteria
2 LOAD CONDITIONS:
No Mlns M2ns Mls M2s
1 82.0 162.0 0.0 0.0
2 67.0 123.0 0.0 0.0
No BetaD BetaDs Tloads
1 0.87 0 0
2 0.86 0 0
No di dj ri rj

N
o
o
o
o
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* * * * X *

ok X ok X % X

* X * K X *

* * * * X X *

ROGRAM

* * * * X X * *

CONSEC

OUTPUT DATA

* X * * K X *

* X * K K X X *

* * * * *

% % % %

* X * *

SECTION PROPERTTIES
GROSS CONCRETE SECTION:
Area = 4_0000E+02
Ybar = 1.0000E+01
lo = 1.3333E+04 About concrete CG

REINFORCING STEEL:

Area
Ybar
1o

1.0160E+01
1.0000E+01

4 _2863E+02 About reinf CG

TRANSFORMED CONCRETE SECTION:

Area
Ybar
Inertia

INTERAC

4 .5657E+02
1.0000E+01
1.5720E+04

TI1ON

DIAGRAM

Moments about centroid of gross

(Units = K-ft)
c

1.00
2.00
3.00
3.78
4.00
5.00
6.00
7.00
8.00
9.00
10.00
10.36
11.00
12.00
13.00
14.00
14.10
15.00
16.00
17.00

Mn
0.0
61.4
209.0
347.1
406.9
425.2
493.3
548.0
593.0
630.2
653.7
672.0
677.4
665.1
646.4
627.2
606.5
604.3
583.6
558.1
529.7

Pn
-609.6
-533.1
-310.9
-96.3
1.0
29.9
147.8
257.0
405.9
536.6
644.5
745.6
781.0
874.9
1012.1
1140.0
1247.5
1259.2
1362.2
1472.0
1578.0

concrete section

Maximum tension

Pure bending

Balanced strain

Load condition no 2




STRUCTWARE

sos TiTLe Verification Problem No. 1

JOB No.

CALCULATION No.

SHEET Cl1l-5 o

ORIGINATOR RM

pate 4/7/2004

REVIEWER

DATE

17.80
18.00
19.00

SLE

504.5
497.9
462.6
0.0

NDERNESS

1660.4
1680.7
1780.6
2078.2

EFFECTS

Load condition no 1

Maximum compression

SLENDERNESS PER ACI-318:

SEC

LOAD CONDITION 1
Pc
r
kl/r
kI/r limit

Equivalent

Magnified m
LOAD CONDITION 2

Pc

r

kl/r

kI/r limit

Equivalent

Magnified m

2635.5

5.774
38.1
27.9

moment factor, Cm
Non-sway magnification factor
Sway magnification factor

oment

2649.7

5.774
38.1
27.5

moment factor, Cm
Non-sway magnification factor
Sway magnification factor

oment

TION ANALYSIS

0.802
1.947
1.000
315.4

0.818
1.469
1.000
180.7

(Unit

LOAD

LOAD

s = K-ft)
CONDITION NO 1

For Axial load

Reduction factor
Moment capacity
Magnified moment

CONDITION NO 2

For Axial load

Reduction factor
Moment capacity
Magnified moment

1162.3
0.700
353.2
315.4

881.5
0.700
423.0
180.7




Form QA-66 (1) (OR) (8-97)

CHECKED DATE JOB NO.
APPROVED DATE SHEET_C!-(& OF.

TITLE BY__ (2 DATE_2/1s/2 k.

e Sechion properties

. z
Concctt A = (20) = 400

y= lo
I = 20(20)/12= 13333
Rorn b A= ¥xi127= 10.1b
y = o
1= 3x127(7.5)°(2) = 429
Trens A = 400 + 10.1b x[29000000 - [)= 457
4415201
V)
I = 13333 + 4’1‘%(5.5'7)'-‘/5722

P Tterection dia5fm
@) Mox tension P, = 1016 X0 = GO

b) Pure bandmb C =318
as 015%3.78~ Z7.54
g’ = .003(11.5-3.18) (29x10%) = 315778
378 wSe OO0
T, = 3:.8) xbooo = 228600 o
0z~ 003 (10-3.78)(29x10°) = (43:59 .
3.78 we 66060 o
T, ® 2.5%xeoo00 = [52400
&y = . 003(2.5-398029008) = ~29460 psi
2.78 RAE A S
Cz= 3.8 x (-29460+, 85(bo0c)) = =281 Ibs

@)
(84
)

2,84 x20x,85 ibooo--z‘a%zo_\bs; s
- 1492 Ibs . o

5V
1

Ma = 228600 (n.5)+ Is2to0 (10)-92812(2.5)
- 289680(2.84/2) = 4§5124 - los oA
= 407 k'




Form QA-66 (1) (OR) (8-97)

CHECKED DATE JOB NO.
APPROVED DATE SHEET_C! -7 OF

TITLE BY_ (m DATE_2/1S ]2k

‘C= 10.36

a=s 0,75 x10.36 = 1,771

97 = 59959 a 0000
T, = 2.8 x5%9359 = 228444
g, = =-3%0232 fs’.

Cy, = 2.54(-30232)2 ~7679

dgz= -—66o0L  we -6L0O0OO

C3 = 2.81 (~©oooD +, 85 xbooo) = ~ 209169
C.z 7.77 x20%,85X6000 = -T792540

P,z =T8I & i .
| 6;“—:/0-[52%' 44 (17.5) = 7679 (10) - 20913 (2.5) — 792540 (7'77/2)"]”
| -1§09 44 ]
€ = 10.4-1\

M, = Tgo944 (o4 /lzc00 = 677 ¢ '

d) Moy C = [.B5 %6000 x 400 + 1016 ( 60000 -, §S x6000) ] (. 8) 000
=, 20.78, | & L s




Form QA-66 (1) (OR) (8-97,

CHECKED DATE JOB NO.
APPROVED DATE SHEET _CI1-3 OF
TITLE By__ (Zm DATE__2/tw/og

e ¢ Slen dernss eNecks

r={13333/400 = 577 nT
KL/r = 0.2x256/5717= 38.2

. Cosel: Kifrmex s 3¢-12 (984/7a45.2) = 27.9

£1= (002 x 441520 x 13333 + 29 x10° x 429) = /,QQSx:o'
(' +.,87)
= w*(1.295x10'°) - = 2437 kK
( 36 x 256) % (1000)

" Cac 0.6+ 0.4 (9%4/19¢4s.2) = .80z

Svns = 0. %02 - [.94'
,_ {62000
.18 % 2637000

, , ) . Mmab = I,qq‘ X 19¢5 wO/lLOOO = 3’5 C'




Form QA-66 (1) (OR) (8-97)

CHECKED DATE JOB NO.
APPROVED DATE sHeeT_C1-9 OF
TITLE ) BY Rm DATE_2f1S /24
e T ¢F~GL,
6) Cane | C = 780 n-1 = 5.57
I.= 2007.8)%3 = 3753%
Tr= 2.8 x5.57 (17.5-17.5)°

+ 2.54x5.57(17.8 - 10)%

+ 3.8 %557 (17.8-2.5)% =

—:C/[ =

434295 D

5820




Form QA-66 (1) (OR) (8-97,

CHECKED DATE JOB NO.
APPROVED DATE sHeeT_Cli-T10 OF
TITLE BY. QM DATE_4/17 Jeo

e Moment - curvatore verificatiom
File = VER{MC.0OUT

Use simple Conents moded and Curic rem\-Farc_n\a ool f
with parsbolic gtz hc«.rc,b«-\»a. s O 12

\/eri-Fa b? Comparism with Col xR (File = Vert mex.out) |

P = ook (,mpne.ss:m)

Ece = 002 fep = 7800 ps!
Ee. = .00 S
Csu = O.12 +sw = Fo000ps"
€Esh=.0035 Lesn = GoOOO g5
Sy = -00207 %3' T 6000 ps)
| TEM CovsEC CoLx R
ST yield € . ool . 001 v
c 535 5.2 v
@ , 000 | &7 .o00193
M 406. & 410 v
Capaor\‘a =3 .00 5 .o05 v
c 3.13 3.28 vd
¢ . 00159 .oo152¢ v~
M 48l.0 49 5 v’
Ter 5195 4977
Mpl +15.4 485 v

O A vedets withln S,




20" Square Column Moment Curvature

600
400 -

T

o

o

™
JUSW oW

200 -

0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018

0.0002

Curvature

CONSEC |

- COLxR
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FILE = VERIMC.OUT

* X X K* Kk Kk Xk Kk Kk Kk Kk Kk K* *k X Xk K* * * * K*k Kx *x * K*x *x *
*
* PROGRAM CONSEC
*
*

INPUT DATA ECHO

*

ok % X %

* X K* K* K Xk KX K* Kk X * Kk K* * Xk Kk K* * * K* * *x * * K *

12709701, 10:13 am

STRESS-STRAIN INFORMATION

CONCRETE MODEL:

Simple concrete model

Unconfined strain = 0.002
Unconfined stress = 7800
Modulus of elasticity = 5034104
Ultimate strain = 0.005
Ultimate stress =0
Spalling strain = 0.005
Confined stress =0

REINFORCING MODEL:

Park reinforcing model
(with parabolic strain hardening)

Point Strain Stress
1 -0.12 -90000
2 -0.01035 -60000
3 -0.00207 -60000
4 0.00207 60000
5 0.01035 60000
6 0.12 90000

CONCRETE CONFIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth Width Add

0 20 20 1
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REINFORCING CONFIGURATTION

3 REINFORCING LINES:

Ybeg Length Angle Nbar Abar
2.5 15 0 3 1.27
10 15 0 2 1.27
17.5 15 0 3 1.27

LOAD CONDITIONS

(Units = K-ft)

1 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 100.0 0.0 0.0 0.0

MEMBER PROPERTIES

MEMBER PROPERTIES:
Member length = 120

BOUNDARY CONDITIONS:

Condition End i End j
Shear restraint 0 1
Moment restraint 0 1

* K X K* Kk Kk Kk K* Kk Kk Kk Kk Kk Xk Xk Kk Kk X Xk K*k Kx Xk X *x K *

PROGRAM CONSEC

ok % % X o X

*
*
OUTPUT DATA *
*
*

* * X K* K *x X K* K *x * * k* * * * * *x * * * *x * * *x

SECTION PROPERTIES

GROSS CONCRETE SECTION:

Area = 4.0000E+02
Ybar = 1.0000E+01
lo = 1.3333E+04 About concrete CG

REINFORCING STEEL:

1.0160E+01
1.0000E+01
4_2863E+02 About reinf CG

Area
Ybar
1o
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TRANSFORMED CONCRETE SECTION:

Area = 4_5657E+02

Ybar = 1.0000E+01

Inertia = 1.5720E+04
MOMENT CURVATURE
Moments about centroid of gross concrete section
(Units = K-ft)
Load Condition Number 1
Axial Load = 100.0
Strain c Axial Curvature Moment
0.00010 12.61 100.1 0.000008 53.3
0.00020 7.92 100.0 0.000025 96.7
0.00030 6.70 100.1 0.000045 139.0
0.00040 6.18 100.5 0.000065 181.4
0.00050 5.90 100.6 0.000085 223.2
0.00060 5.73 100.4 0.000105 264.3
0.00070 5.63 101.1 0.000124 304.6
0.00080 5.56 100.9 0.000144 344.0
0.00090 5.52 101.4 0.000163 382.5
0.00100 5.35 100.3 0.000187 406.6 Reinf tens yield
0.00110 5.12 100.7 0.000215 417 .8
0.00120 4.94 101.2 0.000243 428.7
0.00130 4.79 100.8 0.000271 438.9
0.00140 4.67 100.3 0.000300 448.8
0.00150 4.58 101.1 0.000328 458.9
0.00160 4.50 100.2 0.000356 468.0
0.00170 4.40 100.5 0.000386 474 .7
0.00180 4.25 100.6 0.000424 476.3
0.00190 4.12 100.6 0.000461 477.5
0.00200 4.01 101.2 0.000499 478.8
0.00210 3.91 100.4 0.000537 479.2
0.00220 3.83 101.2 0.000574 480.2
0.00230 3.76 101.5 0.000612 480.8
0.00240 3.69 100.1 0.000650 480.4
0.00250 3.64 101.4 0.000687 481.4
0.00260 3.59 101.4 0.000724 481.5
0.00270 3.54 100.3 0.000763 481.0
0.00280 3.51 101.6 0.000798 481.9
0.00290 3.47 101.1 0.000836 481.6
0.00300 3.44 101.7 0.000872 482.0
0.00310 3.41 101.7 0.000909 482.0
0.00320 3.38 101.1 0.000947 481.7
0.00330 3.36 101.8 0.000982 482 .2
0.00340 3.33 100.1 0.001021 481.1
0.00350 3.32 102.1 0.001054 482.3
0.00360 3.30 101.6 0.001091 482.0
0.00370 3.28 101.4 0.001128 481.8
0.00380 3.26 100.8 0.001166 481.4
0.00390 3.25 102.0 0.001200 482.1
0.00400 3.23 100.9 0.001238 481 .4
0.00410 3.22 101.6 0.001273 481.8
0.00420 3.21 102.1 0.001308 482 .1
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0.00430 3.19 100.2 0.001348 480.9

0.00440 3.18 100.3 0.001384 480.9

0.00450 3.17 100.2 0.001420 480.8

0.00460 3.17 102.4 0.001451 482.1

0.00470 3.16 102.0 0.001487 481.8

0.00480 3.15 101.5 0.001524 481.5

0.00490 3.14 100.8 0.001561 481.1

0.00500 3.13 100.0 0.001597 480.6

Yield curvature = 1.8691E-04

Ultimate curvature = 1.5974E-03

Idealized plastic moment = 475.6

Maximum tension = -383. At moment = 480.6

Cracked moment of inertia = 5.1849E+03

Based on 1st yield strain = -0.00227

LOCAL MEMBER DUCTILITY:

Idealized yield curvature
Plastic hinge length
Yield deflection

Ultimate deflection

Local member ductility

2.1867E-04
22.9

1.050
4.476

4.3
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FILE = VER1IMCX.OUT
04-10-2000

DUCTILITY of CIRCULAR, RECTANGULAR and OBLONG COLUMNS, Ver 7.02Rc, SEP-22-94
Copyright (C) 1993 By Mark Seyed.

Special Analysis Section, Caltrans

This release is for demo ONLY (beta testing is not complete).

Caltrans and the author make no expressed or implied warranty of any

kind with regard to this program. In no event shall the author or

Caltrans be liable for incidental or consequential damages arising

out of the use of this program.

JOB TITLE: Test. Circ., simple model, ver 7.02

RECTANGULAR Column Data

Column Width (in.) = 20.0
Column Depth (in.) = 20.0
Column Height (ft.) = 10.0 Cantilever
Plastic Hinge length (in.) = 21.0
Cover to lateral rebar (in.) = 1.365

Reinforcing Steel Data
Main bar = # 10
Number of bars = 8
Yield stress (ksi) = 60.00
Ultimate stress (ksi) = 90.00
Young®s Modulus (ksi) = 29000
Yield strain = .00207
Hardening strain = .01034
Ultimate strain = .12000

Confinement Steel Data

Spirals

Bar =# 4
Bar pitch/spacing (in.) = 12.000
Yield stress (ksi) = 60.00

Concrete Data, Unconfined or Confined with Rebar

Compressive strength (unconf.) (ksi) = 7.800
Ultimate strain (unconfined) = .00500
Confinement Effectiveness Coeff. ke = 0.000
Volumetric Steel Ratio (weak dir.) = .00000
Volumetric Steel Ratio (Strong dir.) = _.00000
Volumetric Steel Ratio (Total) = .00000
Confining Pressure, Minimum (psi) = 0.
Confining Pressure, Maximum (psi) = 0.
Compressive strength (confined) (ksi) = 0.000
Ultimate strain (confined) = .00500
Strength at ultimate strain (ksi) = 3.900
Column axial load (kip) = 100.0
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REVIEWER

DATE

Rebar information

bar # area X y

1 1.27 -7.50 7.50
2 1.27 0.00 7.50
3 1.27 7.50 7.50
4 1.27 -7.50 -7.50
5 1.27 0.00 -7.50
6 1.27 7.50 -7.50
7 1.27 7.50 0.00
8 1.27 -7.50 0.00

Concrete segment information

Seg.# area X y
1 4.00 0.00 -9.90
2 4.00 0.00 -9.70
3 4.00 0.00 -9.50
4 4.00 0.00 -9.30
5 4.00 0.00 -9.10
6 4.00 0.00 -8.90
7 4.00 0.00 -8.70
8 4.00 0.00 -8.50
9 4.00 0.00 -8.30
10 4.00 0.00 -8.10
11 4.00 0.00 -7.90
12 4.00 0.00 -7.70
13 4.00 0.00 -7.50
14 4.00 0.00 -7.30
15 4.00 0.00 -7.10
16 4.00 0.00 -6.90
17 4.00 0.00 -6.70
18 4.00 0.00 -6.50
19 4.00 0.00 -6.30
20 4.00 0.00 -6.10
21 4.00 0.00 -5.90
22 4.00 0.00 -5.70
23 4.00 0.00 -5.50
24 4.00 0.00 -5.30
25 4.00 0.00 -5.10
26 4.00 0.00 -4.90
27 4.00 0.00 -4.70
28 4.00 0.00 -4.50
29 4.00 0.00 -4.30
30 4.00 0.00 -4.10
31 4.00 0.00 -3.90
32 4.00 0.00 -3.70
33 4.00 0.00 -3.50
34 4.00 0.00 -3.30
35 4.00 0.00 -3.10
36 4.00 0.00 -2.90
37 4.00 0.00 -2.70
38 4.00 0.00 -2.50
39 4.00 0.00 -2.30
40 4.00 0.00 -2.10
41 4.00 0.00 -1.90
42 4.00 0.00 -1.70
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43 4.00 0.00 -1.50
44 4.00 0.00 -1.30
45 4.00 0.00 -1.10
46 4.00 0.00 -0.90
47 4.00 0.00 -0.70
48 4.00 0.00 -0.50
49 4.00 0.00 -0.30
50 4.00 0.00 -0.10
51 4.00 0.00 0.10
52 4.00 0.00 0.30
53 4.00 0.00 0.50
54 4.00 0.00 0.70
55 4.00 0.00 0.90
56 4.00 0.00 1.10
57 4.00 0.00 1.30
58 4.00 0.00 1.50
59 4.00 0.00 1.70
60 4.00 0.00 1.90
61 4.00 0.00 2.10
62 4.00 0.00 2.30
63 4.00 0.00 2.50
64 4.00 0.00 2.70
65 4.00 0.00 2.90
66 4.00 0.00 3.10
67 4.00 0.00 3.30
68 4.00 0.00 3.50
69 4.00 0.00 3.70
70 4.00 0.00 3.90
71 4.00 0.00 4.10
72 4.00 0.00 4.30
73 4.00 0.00 4.50
74 4.00 0.00 4.70
75 4.00 0.00 4.90
76 4.00 0.00 5.10
77 4.00 0.00 5.30
78 4.00 0.00 5.50
79 4.00 0.00 5.70
80 4.00 0.00 5.90
81 4.00 0.00 6.10
82 4.00 0.00 6.30
83 4.00 0.00 6.50
84 4.00 0.00 6.70
85 4.00 0.00 6.90
86 4.00 0.00 7.10
87 4.00 0.00 7.30
88 4.00 0.00 7.50
89 4.00 0.00 7.70
90 4.00 0.00 7.90
91 4.00 0.00 8.10
92 4.00 0.00 8.30
93 4.00 0.00 8.50
94 4.00 0.00 8.70
95 4.00 0.00 8.90
96 4.00 0.00 9.10
97 4.00 0.00 9.30
98 4.00 0.00 9.50
99 4.00 0.00 9.70
100 4.00 0.00 9.90




STRUCTWARE

SHEET C1-19 of
JOB TITLE Verification Problem No. 1 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
Force Equilibrium Condition of the x-section:
Max .
Conc. Neutral
Strain Axis Conc. Steel Total Total Curvature Moment
step epscmax yna  Comp. comp. comp. tens. phi m(K-ft)
1 0.00010 -2.28 94.18 10.17 104.35 4.70 0.000008 55.
2 0.00011 -1.32 95.81 10.47 106.28 6.67 0.000010 60.
3 0.00012 -0.48 97.86 10.69 108.56 9.05 0.000012 65.
4 0.00014 0.24 100.54 11.10 111.64 12.08 0.000014 71.
5 0.00015 0.88 103.60 11.98 115.58 16.23 0.000016 77.
6 0.00017 1.40 107.72 12.94 120.66 20.86 0.000019 84.
7 0.00018 1.88 112.09 13.96 126.05 26.41 0.000022 91.
8 0.00020 2.28 117.42 15.08 132.50 32.64 0.000026 100.
9 0.00022 2.64 123.31 16.28 139.59 39.86 0.000030 109.
10 0.00025 2.96 129.87 17.57 147.44  48.13 0.000035 119.
11 0.00027 3.24 137.23 18.99 156.22 57.49 0.000040 130.
12 0.00030 3.44 146.49 20.61 167.10 67.19 0.000046 143.
13 0.00033 3.64 156.13 22.35 178.48 78.54 0.000052 156.
14 0.00037 3.84 166.14 24.19 190.32 91.85 0.000060 171.
15 0.00041 4.00 177.67 26.25 203.92 106.25 0.000068 188.
16 0.00045 4.12 190.97 28.60 219.57 121.55 0.000077 207.
17 0.00050 4.24 205.07 31.13 236.20 139.08 0.000086 227.
18 0.00055 4.32 221.39 34.04 255.43 157.35 0.000097 249.
19 0.00061 4.40 238.79 37.21 275.99 178.04 0.000109 273.
20 0.00067 4.48 257.05 40.65 297.71 201.47 0.000122 300.
21 0.00074 4.52 278.36 44.67 323.03 225.35 0.000136 329.
22 0.00082 4.56 300.98 49.08 350.06 252.08 0.000151 360.
23 0.00091 4.60 324.78 53.92 378.70 281.98 0.000168 394.
Start of tension steel yield
24 0.00100 4.80 339.24 57.63 396.87 296.90 0.000193 410.
25 0.00111 5.04 350.12 60.85 410.97 311.72 0.000224 422.
26 0.00123 5.24 362.56 64.40 426.96 328.15 0.000258 434.
27 0.00136 5.40 376.87 68.46 445.33 345.96 0.000295 448.
28 0.00150 5.56 389.70 72.44 462.14 367.00 0.000338 461.
29 0.00166 5.72 400.55 76.22 476.77 381.00 0.000388 472.
30 0.00183 5.96 401.29 77.23 478.53 381.00 0.000454 476.
31 0.00203 6.16 402.11 78.16 480.27 381.00 0.000528 478.
32 0.00224 6.36 397.78 77.55 475.33 381.00 0.000616 476.
33 0.00248 6.48 397.04 79.32 476.37 381.00 0.000704 477 .
34 0.00274 6.56 397.26 82.70 479.96 382.77 0.000796 481.
35 0.00303 6.64 393.67 85.63 479.31 385.94 0.000901 482.
36 0.00335 6.68 391.17 91.35 482.53 389.09 0.001008 485.
37 0.00370 6.68 390.70 100.99 491.69 392.10 0.001115 491.
38 0.00409 6.72 382.52 107.49 490.02 395.89 0.001247 490.
39 0.00452 6.72 375.94 118.84 494.78 399.50 0.001379 494 .
40 0.00500 6.72 366.34 131.38 497.72 403.40 0.001524 495.

Shear versus Deflection at top of column:

delta
0.
0.
0.
0.
0.

04
05
06
07
08

N~Noun<

.47
.97
-50
.07
.69
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0.09 8.37
0.11 9.12
0.13 9.95
0.15 10.87
0.17 11.88
0.19 13.01
0.22 14.26
0.25 15.64
0.29 17.15
0.33 18.82
0.37 20.66
0.41 22.68
0.47 24.90
0.52 27.33
0.58 29.97
0.65 32.86
0.73 36.00
0.81 39.40
0.93 41.01
1.00 42 .17
1.08 43.42
1.16 44 .80
1.26 46.08
1.37 47.21
1.53 47 .55
1.70 47.84
1.90 47 .65
2.10 47.75
2.32 48.06
2.56 48.16
2.80 48.46
3.05 49.07
3.35 49.04
3.66 49.35
3.99 49.54

Effective Moment of Inertia calculation

Mcr (k-ft) = 74
Multimate (k-ft) = 495
Igross (™ 4) = 0.64
Agross (fr2) = 2.78
step le(ft™4) location from bot. of col.
1 0.64 8.9

2 0.64 8.8

3 0.64 8.7

4 0.64 8.6

5 0.62 8.4

6 0.55 8.3

7 0.48 8.2

8 0.43 8.0

9 0.38 7.8

10 0.35 7.6

11 0.32 7.4

12 0.30 7.1

13 0.28 6.8
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14 0.27 6.5
15 0.26 6.2
16 0.25 5.8
17 0.24 5.4
18 0.24 5.0
19 0.24 4.5
20 0.23 3.9
21 0.23 3.4
22 0.23 2.7
23 0.23 2.0
24 0.23 1.7
25 0.23 1.5
26 0.23 1.2
27 0.23 1.0
28 0.24 0.7
29 0.24 0.5
30 0.24 0.4
31 0.25 0.3
32 0.25 0.4
33 0.25 0.4
34 0.25 0.3
35 0.26 0.3
36 0.26 0.2
37 0.26 0.1
38 0.26 0.1
39 0.26 0.0
40 0.26 0.0

Recommended value of "le" based on initial slope
of moment-curvature diagram (ft"4) = 0.24

SUMMARY OF RESULTS

Case Defl. P. Hinge Curvatures Moment
(in.) Rot(rad) (rad/in) (ft-k)
Yield 0.93 0.000193 410
Nominal: see equilibrium table for values at desired conc. strain.
Ultimate 4.08 0.001524 495
Idealized Yield 1.10 0.000229 485
Idealized Ultimate 4.08 0.02725 0.001524 485

(Plastic Moment)

Displacement Ductilities:

Ideal. Ult. /7 ldeal. Yield = 3.72
Curvature Ductilities :
Ideal. Ult. /7 ldeal. Yield = 6.67

Maximum Strains :
0.005000

Compression Conc. =
Compression Steel = 0.001189
Tension Steel = 0.021677

end
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VERIFICATION PROBLEM NO 2

File = VER2.0UT

R=7.5"to @ bar

| 20u

f'. = 6000 psi

fy =60 ksi

(8) #10 bars

A, =1.27in*/ bar

Column L = 192" k=0.87

LOAD M1ps M2 P Ba
(K-FT) (K-FT) (KIPS)
1 82 82 1000 0.87
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FILE = VER2.0UT

K ok Kk ok ok Kk Kk ok ok Kk Kk Kk ok ok Kk Kk ok ok Kk Kk oKk ok ok ok Kk Kk K

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk K K Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K* *

12/709/01, 2:16 pm

DESIGN CRITERTIA

AASHTO
English (inches, pounds)

Design Criteria
Units

MATERIAL STRENGTH:

Concrete compressive strength = 6000
Concrete modulus of elasticity = 4415201
Reinforcing yield strength = 60000
Reinforcing modulus of elasticity = 2.9E+07
STRENGTH REDUCTION FACTORS:
Tension and flexure =0.9
Compression and flexure = 0.75
Shear and torsion = 0.85
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.75
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

1
1

Concrete
Reinforcing

CONCRETE CONFIGURATION

1 CIRCULAR SECTIONS:

Ycenter Radius Add

10 10 1
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REINFORCING CONFIGURATION
1 REINFORCING ARCS:

Ycenter Radius Abeg Atot Nbar Abar

10 7.5 0 315 8 1.27
LOAD CONDITIONS
(Units = K-ft)
1 LOAD CONDITIONS:

No Axial Moment Shear Torsion

1 1000.0 0.0 0.0 0.0
MEMBER PROPERTIES
MEMBER PROPERTIES:

Member length = 192

Effective length factor = 0.87
BOUNDARY CONDITIONS:

Condition End i End j

Shear restraint 1 1

Moment restraint 0 0
SLENDERNESS
(Moments in K-ft)
Moment magnification per design criteria
1 LOAD CONDITIONS:

No Mlns M2ns Mls M2s

1 82.0 82.0 0.0 0.0

No BetaD BetaDs Tloads

1 0.87 0 0
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No di dj ri rj
1 0 0 0 0

* X * K *x KX *x K KX * K X * K X * K X * *x * * K X * *

PROGRAM CONSEC

OUTPUT DATA

X b X ok X %
FoX ok X % %

* *x * K X KX * K X * K * * K * * *x * * * * * X X *

SECTI1ION PROPERTTIES

GROSS CONCRETE SECTION:

Area = 3.1416E+02
Ybar = 1.0000E+01
lo = 7.8540E+03 About concrete CG

REINFORCING STEEL:

Area = 1.0160E+01
Ybar = 1.0000E+01
lo = 2.8575E+02 About reinf CG

TRANSFORMED CONCRETE SECTION:

Area = 3.7073E+02
Ybar = 1.0000E+01
Inertia = 9.4451E+03

INTERACTION DIAGRAM

Moments about centroid of gross concrete section
(Units = K-ft)

Cc Mn Pn
0.0 -609.6 Maximum tension
1.00 15.5 -590.1
2.00 71.8 -506.4
3.00 142.8 -388.5
4.00 223.0 -233.8
5.00 286.2 -110.9
6.00 337.5 -0.1
6.01 336.7 1.5 Pure bending
7.00 374.8 136.5
8.00 411.1 268.2
9.00 439.2 384.8

10.00 446.3 529.4
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REVIEWER

DATE

10.36
11.00
12.00
13.00
14.00
15.00
16.00
16.50
17.00
18.00
19.00

SLE

447 .9
443 .2
434.9
4245
411.4
395.1
373.9
362.0
349.3
321.5
290.9
0.0

NDERNESS

579.2
675.3
815.9
947.1
1057.7
1174.7
1282.1
1333.7
1384.1
1481.3
1573.8
1836.0

EFFECTS

Balanced strain

Load condition no 1

Maximum compression

SLENDERNESS PER AASHTO:

SEC

LOAD CONDITION 1
Pc
r
kl/r
klI/r Limit

Equivalent

2879

5.00
33.4
22.0

moment factor, Cm
Non-sway magnification factor

-4

0

Sway magnification factor

Magnified m

oment

TION ANALYSIS

1.000
1.862
1.000
152.7

(Unit

LOAD

s = K-Ft)
CONDITION NO 1

For Axial load

Reduction factor
Moment capacity
Magnified moment

1000.3
0.750
271.5
152.7
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Conere I = :g_(m“- 7854
Y = 10
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o= 0,175%x b = 4.5
X = cos” (5.5/10) T 56.633° (, 9554 red) |
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Ac = 5291 R
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VI I0- 7.3¢= 2.66
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Pr= 2049 837 = 2639ss = -1

= (269%37x 2,66 - 4743532)/.2900 = - 335
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JOB NO.

SHEET_C2 -7

OF.

BY 7_on

DATE 2/l /2t

) Pooloneed ghvedn

= 10, 3
< -71 7-7

c
a
(=8

4
Co= 112.85%,85x6000= 57554§

\7 = 10 - (ZD)SSB—\;‘;#,/IS = 453
12 (112,%5)

P, = 574%x% g Frivn spre~d gt

Mn = 448 K’

i d) Mox, CO;v\chsssm P, = .85 [ . BSx6000x 314.16 + 10.16 (éoaoo-s:ooﬂ //ooo
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?

Po= wE(B4exm) = 238 °
C. §7%192)% Cro00)

" Cin= 0.6+0.4 (I84/984) = 1. O

s = ! = Ly
i I— - 1000 .
2759 x 288

EMW\&Z/ = .82 x 984'000/1?,000 =153 k'
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sos TiTLe Verification Problem

No. 2

SHEET

ORIGINATOR RM

JOB No. CALCULATION No.

C2-11 o

REVIEWER

pate 4/7/2004

DATE

PRO

X F X %

*

12/09/01, 2:20 pm

STRESS-ST

FILE = VER2ZMC.OUT

GRAM

CONSEC

INPUT DATA ECHO

RAI1IN

NFORMAT

* * K* K* Kk X X K* Kk X * Kk K* * * Kk K* * * K* * * * * K *

10 N

* X * K* Kk Kk Xk K* Kk Kk * Kk Kx * Xk Kk K* *x Xk K* K* *x * K*x K *

ok % X %

CONCRETE MODEL:

REINFORCING MODEL:

Park reinforci

Point

OO WNE

CONCRETE

ng model

Strain

-0.12

-0.01035

-0.00207
0.00207
0.01035
0.12

Simple concrete model

Unconfined strain = 0.002
Unconfined stress = 7800
Modulus of elasticity = 5034104
Ultimate strain = 0.005
Ultimate stress =0
Spalling strain = 0.005
Confined stress =0

(with parabolic strain hardening)

Stress

-90000
-60000
-60000
60000
60000
90000

CONFIGURATTION

1 CIRCULAR SECTION

Ycenter Radi

10 10

S:

us Add

1




STRUCTWARE

SHEET C2-12 of
sos TiTLe Verification Problem No. 2 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

REINFORCING CONFIGURATTION

1 REINFORCING ARCS:
Ycenter Radius Abeg Atot Nbar Abar
10 7.5 0 315 8 1.27

LOAD CONDITIONS

(Units = K-ft)

1 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 100.0 0.0 0.0 0.0

MEMBER PROPERTIES

MEMBER PROPERTIES:
Member length = 120

BOUNDARY CONDITIONS:

Condition End i End j
Shear restraint 0 1
Moment restraint 0 1

* * * K K *x KX K* Kk *x X Kk Kk X * KX K * * KX K X X * X *

PROGRAM CONSEC

OUTPUT DATA

ook X ok X % ¥

* K Kk k Kk Kk Kk Kk Kk Kk k Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Xk X X

SECTION PROPERTIES

GROSS CONCRETE SECTION:

Area = 3.1416E+02
Ybar = 1.0000E+01
1o = 7.8540E+03 About concrete CG

REINFORCING STEEL:

Area = 1.0160E+01
Ybar = 1.0000E+01
lo = 2.8575E+02 About reinf CG
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TRANSFORMED CONCRETE SECTION:
Area = 3.7073E+02
Ybar = 1.0000E+01
Inertia = 9.4451E+03
MOMENT CURVATURE
Moments about centroid of gross concrete section
(Units = K-ft)
Load Condition Number 1
Axial Load = 100.0
Strain c Axial Curvature Moment
0.00010 15.75 100.1 0.000006 32.3
0.00020 10.14 100.2 0.000020 61.6
0.00030 8.53 100.3 0.000035 86.3
0.00040 7.79 100.0 0.000051 110.4
0.00050 7.39 100.5 0.000068 134.3
0.00060 7.13 100.0 0.000084 157.8
0.00070 6.97 100.7 0.000100 181.1
0.00080 6.85 100.4 0.000117 203.9
0.00090 6.77 100.7 0.000133 226.3
0.00100 6.71 100.5 0.000149 248.3
0.00110 6.67 100.8 0.000165 269.8
0.00120 6.64 100.8 0.000181 290.9
0.00130 6.60 100.7 0.000197 309.6 Reinf tens yield
0.00140 6.55 101.4 0.000214 325.0
0.00150 6.50 100.3 0.000231 339.8
0.00160 6.40 101.2 0.000250 348.0
0.00170 6.29 101.2 0.000270 353.5
0.00180 6.19 100.7 0.000291 358.6
0.00190 6.11 100.6 0.000311 363.7
0.00200 6.04 100.5 0.000331 368.6
0.00210 5.98 100.2 0.000351 373.2
0.00220 5.94 101.6 0.000370 378.1
0.00230 5.89 100.1 0.000390 381.8
0.00240 5.86 101.0 0.000410 386.2
0.00250 5.83 101.0 0.000429 390.1
0.00260 5.80 100.0 0.000448 393.5
0.00270 5.78 100.1 0.000467 397.2
0.00280 5.77 101.5 0.000485 401.1
0.00290 5.71 100.2 0.000508 401.6
0.00300 5.65 100.1 0.000531 402.0
0.00310 5.60 100.5 0.000554 402.6
0.00320 5.55 100.3 0.000577 402.9
0.00330 5.51 100.8 0.000599 403.4
0.00340 5.47 101.2 0.000622 403.9
0.00350 5.43 101.3 0.000645 404.2
0.00360 5.39 100.9 0.000668 404.3
0.00370 5.36 101.5 0.000690 404.8
0.00380 5.32 100.1 0.000714 404 .4
0.00390 5.29 100.1 0.000737 404.6
0.00400 5.27 100.4 0.000759 404.7 Reinf comp yield
0.00410 5.25 100.0 0.000781 404 .4
0.00420 5.24 100.8 0.000802 404 .7
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0.00430 5.22 100.0 0.000824 404.2

0.00440 5.21 100.5 0.000845 404.3

0.00450 5.20 100.8 0.000865 404.3

0.00460 5.19 101.0 0.000886 404.2

0.00470 5.18 101.0 0.000907 404.0

0.00480 5.17 100.9 0.000928 403.8

0.00490 5.16 100.7 0.000950 403.6

0.00500 5.15 100.3 0.000971 403.3

Yield curvature = 1.9697E-04

Ultimate curvature = 9.7087E-04

Idealized plastic moment = 390.4

Maximum tension -381. At moment = 403.3

3.7467E+03
-0.00215

Cracked moment of inertia
Based on 1st yield strain

LOCAL MEMBER DUCTILITY:

Idealized yield curvature = 2.4840E-04
Plastic hinge length = 22.9

Yield deflection =1.192
Ultimate deflection = 2.987
Local member ductility = 2.5
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FILE = VER2MCX.OUT
04-07-2000

FhhhhEkkk COLDUCT (COLXR) FhhhhErAx
DUCTILITY of CIRCULAR, RECTANGULAR and OBLONG COLUMNS, Ver 7.02Rc, SEP-22-94

Copyright (C) 1993 By Mark Seyed.
Special Analysis Section, Caltrans
This release is for demo ONLY (beta testing is not complete).

Caltrans and the author make no expressed or implied warranty of any
kind with regard to this program. In no event shall the author or
Caltrans be liable for incidental or consequential damages arising
out of the use of this program.

JOB TITLE: Test. Circ., simple model, ver 7.02
CIRCULAR Column Data

Column Diameter (in.) = 20.0

Column Height (ft.) = 10.0 Cantilever

Plastic Hinge length (in.) = 21.0

Cover to lateral rebar (in.) = 1.365

Reinforcing Steel Data

Main bar = # 10
Number of bars = 8
Yield stress (ksi) = 60.00
Ultimate stress (ksi) = 90.00
Young®s Modulus (ksi) = 29000
Yield strain = .00207
Hardening strain = .01034
Ultimate strain = .12000
Confinement Steel Data
Spirals

Bar =# 4

Bar pitch/spacing (in.) = 12.000
Yield stress (ksi) = 60.00

Concrete Data, Unconfined or Confined with Rebar

Compressive strength (unconf.) (ksi) = 7.800
Ultimate strain (unconfined) = .00500
Confinement Effectiveness Coeff. ke = 0.000
Volumetric Steel Ratio (weak dir.) = .00000
Volumetric Steel Ratio (Strong dir.) = .00000
Volumetric Steel Ratio (Total) = .00000
Confining Pressure, Minimum (psi) = 0.
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Confining Pressure, Maximum (psi) = 0.
Compressive strength (confined) (ksi) = 0.000
Ultimate strain (confined) = .00500
Strength at ultimate strain (ksi) = 3.900
Column axial load (kip) = 100.0

Rebar information

bar # area X y

1 1.27 0.00 7.50
2 1.27 5.30 5.31
3 1.27 7.50 0.01
4 1.27 5.31 -5.30
5 1.27 0.01 -7.50
6 1.27 -5.29 -5.31
7 1.27 -7.50 -0.02
8 1.27 -5.32 5.29

Concrete segment information

Seqg.# area X y
1 0.56 0.00 -9.90
2 0.97 0.00 -9.70
3 1.25 0.00 -9.50
4 1.47 0.00 -9.30
5 1.66 0.00 -9.10
6 1.82 0.00 -8.90
7 1.97 0.00 -8.70
8 2.11 0.00 -8.50
9 2.23 0.00 -8.30
10 2.35 0.00 -8.10
11 2.45 0.00 -7.90
12 2.55 0.00 -7.70
13 2.65 0.00 -7.50
14 2.73 0.00 -7.30
15 2.82 0.00 -7.10
16 2.90 0.00 -6.90
17 2.97 0.00 -6.70
18 3.04 0.00 -6.50
19 3.11 0.00 -6.30
20 3.17 0.00 -6.10
21 3.23 0.00 -5.90
22 3.29 0.00 -5.70
23 3.34 0.00 -5.50
24 3.39 0.00 -5.30
25 3.44 0.00 -5.10
26 3.49 0.00 -4.90
27 3.53 0.00 -4.70
28 3.57 0.00 -4.50
29 3.61 0.00 -4.30
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DATE

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
a7
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
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.65
.68
.72
.75
.78
-80
-83
-85
.87
-89
.91
-93
.94
.95
.97
.98
-98
-99
-99
.00
.00
-00
.00
-99
-99
-98
-98
.97
.95
.94
-93
91
-89
.87
-85
-83
-80
.78
.75
.72
.68
.65
.61
.57
.53
-49
.44
-39
.34
.29
.23

[ejoloNeoololoooloooNoNolojololoNoloololololololololoNololoNoololoololololoN oo oNoNooNoNo e Ne)

.00
-00
-00
-00
-00
-00
-00
-00
.00
-00
-00
-00
-00
-00
-00
-00
-00
.00
-00
-00
-00
-00
-00
.00
-00
-00
-00
-00
-00
-00
-00
-00
.00
-00
-00
-00
-00
-00
-00
-00
-00
-00
.00
-00
-00
-00
.00
.00
-00
-00
-00

QOO OaORrRPMREAERERDMNOWWWWNNNNNRPFRPRPRPPRPPRPOOOOO

.10
-90
.70
.50
.30
.10
-90
.70
.50
.30
.10
-90
.70
.50
.30
.10
-90
.70
.50
.30
.10
-10
-30
.50
.70
-90
.10
-30
.50
.70
-90
-10
-30
.50
.70
-90
-10
-30
.50
.70
-90
.10
.30
.50
.70
-90
-10
.30
.50
.70
-90
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81 3.17 0.00 6.10
82 3.11 0.00 6.30
83 3.04 0.00 6.50
84 2.97 0.00 6.70
85 2.90 0.00 6.90
86 2.82 0.00 7.10
87 2.73 0.00 7.30
88 2.65 0.00 7.50
89 2.55 0.00 7.70
90 2.45 0.00 7.90
91 2.35 0.00 8.10
92 2.23 0.00 8.30
93 2.11 0.00 8.50
94 1.97 0.00 8.70
95 1.82 0.00 8.90
96 1.66 0.00 9.10
97 1.47 0.00 9.30
98 1.25 0.00 9.50
99 0.97 0.00 9.70
100 0.56 0.00 9.90
Force Equilibrium Condition of the x-section:
Max .
Conc. Neutral
Strain AXisS Conc. Steel Total Total Curvature Moment
step epscmax yna Comp. comp. comp. tens. phi m(K-ft)
1 0.00010 -5.36 89.50 10.79 100.29 0.51 0.000007 34.
2 0.00011 -4.24 89.94 11.23 101.18 1.54 0.000008 38.
3 0.00012 -3.28 90.85 11.69 102.53 2.80 0.000009 41.
4 0.00014 -2.44 92.13 12.11 104.24 4 .32 0.000011 45.
5 0.00015 -1.68 93.56 12.47 106.04 6.16 0.000013 50.
6 0.00017 -1.00 95.30 12.76 108.06 8.35 0.000015 54.
7 0.00018 -0.40 97.47 12.98 110.45 10.93 0.000018 59.
8 0.00020 0.12 100.24 13.34 113.58 14.09 0.000020 63.
9 0.00022 0.56 103.82 14.29 118.11 18.21 0.000024 69.
10 0.00025 1.00 107.14 15.23 122.37 23.34 0.000027 75.
11 0.00027 1.32 112.23 16.35 128.58 28.60 0.000031 81.
12 0.00030 1.64 117.29 17.49 134.79 34.96 0.000036 88.
13 0.00033 1.92 123.07 18.73 141.81 42.11 0.000041 96.
14 0.00037 2.16 129.78 20.10 149.88 50.06 0.000047 105.
15 0.00041 2.40 136.57 21.50 158.07 59.45 0.000054 114.
16 0.00045 2.56 145.57 23.21 168.78 68.92 0.000061 125.
17 0.00050 2.76 153.76 24.85 178.61 80.83 0.000069 136.
18 0.00055 2.88 164.64 26.91 191.55 92.57 0.000077 149.
19 0.00061 3.00 176.13 29.11 205.23 106.02 0.000087 163.
20 0.00067 3.12 188.04 31.44 219.48 121.41 0.000098 178.
21 0.00074 3.20 202.19 34.20 236.39 137.41 0.000109 195.
22 0.00082 3.28 216.95 37.18 254.14 155.51 0.000122 213.
23 0.00091 3.36 232.49 40.39 272.88 176.01 0.000137 233.
24 0.00100 3.40 250.76 44 .25 295.01 196.88 0.000152 254.
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25 0.00111 3.44 269.87 48.47 318.34 220.23 0.000169 278.
26 0.00123 3.48 289.70 53.08 342.77 246.35 0.000188 303.
Start of tension steel yield
27 0.00136 3.56 307.58 57.55 365.12 269.18 0.000211 323.
28 0.00150 3.64 325.41 62.33 387.74 291.96 0.000236 343.
29 0.00166 3.80 336.83 65.96 402.79 303.60 0.000268 354.
30 0.00183 3.96 346.79 69.48 416.27 317.29 0.000304 363.
31 0.00203 4.12 354.81 72.81 427.62 333.38 0.000345 371.
32 0.00224 4.20 367.63 78.18 445.81 348.31 0.000386 382.
33 0.00248 4.28 377.33 83.81 461.15 365.35 0.000433 391.
34 0.00274 4.32 387.98 91.18 479.16 381.00 0.000482 401.
35 0.00303 4.48 383.85 94.02 477.87 381.00 0.000549 401.
36 0.00335 4.60 380.60 98.03 478.63 381.00 0.000620 401.
37 0.00370 4.72 373.77 101.55 475.32 381.00 0.000701 400.
Start of compression steel yield
38 0.00409 4.76 372.69 107.08 479.77 381.00 0.000781 401.
39 0.00452 4.80 368.69 108.04 476.73 381.25 0.000870 397.
40 0.00500 4.80 365.75 111.40 477.15 382.02 0.000962 395.

Shear versus Deflection at top of column:

delta V
0.03 3.36
0.04 3.75
0.04 4.14
0.05 4.55
0.06 4.96
0.07 5.39
0.08 5.85
0.10 6.35
0.11 6.89
0.13 7.48
0.15 8.13
0.17 8.84
0.20 9.63
0.23 10.49
0.26 11.44
0.29 12.50
0.33 13.63
0.37 14.91
0.42 16.30
0.47 17.82
0.52 19.49
0.59 21.30
0.66 23.27
0.73 25.43
0.81 27.76
0.90 30.26
1.01 32.31
1.07 34.33

1.14

35.36
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1.23 36.30
1.32 37.12
1.42 38.21
1.52 39.10
1.64 40.06
1.79 40.07
1.95 40.13
2.14 39.97
2.32 40.08
2.53 39.75
2.74 39.55

Effective Moment of Inertia calculation

Mcr (k-ft) = 44
Multimate (k-ft) = 395
Igross (fwr™d) = 0.38
Agross (fw2) = 2.18
step le(ft™4) location from bot.
1 0.38 9.2
2 0.38 9.1
3 0.38 9.0
4 0.38 8.9
5 0.38 8.7
6 0.36 8.6
7 0.33 8.5
8 0.30 8.4
9 0.27 8.3
10 0.24 8.1
11 0.23 7.9
12 0.21 7.8
13 0.20 7.6
14 0.19 7.3
15 0.18 7.1
16 0.17 6.8
17 0.17 6.6
18 0.17 6.2
19 0.16 5.9
20 0.16 5.5
21 0.16 5.1
22 0.16 4.6
23 0.16 4.1
24 0.16 3.6
25 0.16 3.0
26 0.16 2.3
27 0.16 1.8
28 0.16 1.3
29 0.16 1.1
30 0.16 0.8
31 0.16 0.6

of col.




STRUCTWARE

SHEET C2-21 of
sos TiTLe Verification Problem No. 2 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

32 0.16 0.3
33 0.16 0.1
34 0.16 0.0
35 0.16 0.0
36 0.16 0.0
37 0.16 0.0
38 0.16 0.0
39 0.16 0.0
40 0.16 0.0

Recommended value of "le* based on initial slope
of moment-curvature diagram (ft™"4) = 0.18

SUMMARY OF RESULTS

Case Defl. P. Hinge Curvatures Moment
(in.) Rot(rad) (rad/in) (ft-K)
Yield 1.01 0.000211 323
Nominal: see equilibrium table for values at desired conc. strain.
Ultimate 2.86 0.000962 395
Idealized Yield 1.25 0.000260 398
Idealized Ultimate 2.86 0.01476 0.000962 398

(Plastic Moment)

Displacement Ductilities:

Ideal. Ult. 7/ ldeal. Yield = 2.30
Curvature Ductilities
Ideal. Ult. 7/ ldeal. Yield = 3.70

Maximum Strains :
0.005000

Compression Conc. =
Compression Steel = 0.002596
Tension Steel = 0.011827

End
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VERIFICATION PROBLEM NO 3

Reference: PCA, "Notes on ACI 318-99" Example 23.4
File = VER3.0UT

—#4@9 in center of wall
| A= 0.267 in?/ ft

10" —»

f'. = 4000 psi
f, = 60 ksi
Wall H = 240"
LOAD P M
(KIPS) (K-FT)
1 5.7 0.48
2 4.3 2.30
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FILE = VER3.OUT

K ok Kk ok ok Kk Kk ok ok Kk Kk Kk ok ok Kk Kk ok ok Kk Kk oKk ok ok ok Kk Kk K

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk K K Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K* *

12709701, 3:01 pm

DESIGN CRITERTIA

ACI1-318
English (inches, pounds)

Design Criteria
Units

MATERIAL STRENGTH:

Concrete compressive strength = 4000
Concrete modulus of elasticity = 3605000
Reinforcing yield strength = 60000
Reinforcing modulus of elasticity = 2.9E+07
STRENGTH REDUCTION FACTORS:
Tension and flexure =0.9
Compression and flexure = 0.7
Shear and torsion = 0.85
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.85
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

1
1

Concrete
Reinforcing

CONCRETE CONFIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth width Add

0 8 12 1
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REINFORCING CONFIGURATION
1 REINFORCING LINES:

Ybeg Length Angle Nbar Abar

4 1 0 1 0.267
LOAD CONDITIONS
(Units = K-Tt)
2 LOAD CONDITIONS:

No Axial Moment Shear Torsion

1 5.7 0.5 0.0 0.0

2 4.3 2.3 0.0 0.0
MEMBER PROPERTIES
MEMBER PROPERTIES:

Member length = 240

Effective length factor =1
BOUNDARY CONDITIONS:

Condition End i End j

Shear restraint 1 1

Moment restraint 0 0

SLENDERNESS

(Moments in K-ft)

Slender wall design per ACI 318




STRUCTWARE

SHEET C3-4 o
sos TiTLe Verification Problem No. 3 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

* X * K *x KX *x *x X * *x X * K X * K * * *x * * X X * *

PROGRAM CONSEC

OUTPUT DATA

X ok X ok X ok

oX b X % ¥

* K K* Kx KX KX K* *x Xk K* Kk Xk * * * K* * * K* * * * * X X

SECTI1ON PROPERTIES

GROSS CONCRETE SECTION:

Area = 9.6000E+01
Ybar = 4_0000E+00
lo = 5.1200E+02 About concrete CG

REINFORCING STEEL:

Area = 2.6700E-01
Ybar = 4_0000E+00
lo = 0.0000E+00 About reinf CG

TRANSFORMED CONCRETE SECTION:

Area = 9.7881E+01
Ybar = 4_.0000E+00
Inertia = 5.1200E+02

INTERACTION DI AGRAWM

Moments about centroid of gross concrete section
(Units = K-ft)

(o] Mn Pn
0.0 -16.0 Maximum tension
0.38 4.2 -2.8
0.47 5.1 0.3 Pure bending
0.61 6.6 5.1 Load condition no 2
0.66 7.1 6.9 Load condition no 1
0.76 8.1 10.3
1.14 11.6 23.5
1.52 14.7 36.7
1.90 17.5 49.9
2.28 20.0 63.1
2.37 20.5 66.2 Balanced strain
2.66 22.1 80.5
3.04 23.8 98.1
3.42 25.2 114.7
3.80 26.2 130.6
4.18 26.9 146.0




STRUCTWARE

SHEET C3-5 of

sos TirLe Verification Problem No. 3 oriGINATOR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

4_.56 27.2 161.0

4.94 27.1 174.8

5.32 26.7 189.4

5.70 26.0 203.7

6.08 24.9 217 .9

6.46 23.4 232.0

6.84 21.6 246.0

7.22 19.4 259.8

0.0 273.2 Maximum compression

SLENDERNESS

EFFECTS

SLENDER WALL DESIGN PER ACI-318

0.00556
0.01710
5.1

rho
rhomax
Mcr

LOAD CONDITION 1:

P/A
0.06 x f"c

59.38

Reduction factor 7
Moment capacity
Moment capacity

Magnified moment

-870
2 F
=

I
[eNé N Ne
W ON

LOAD CONDITION 2:

P/A
0.06 x F"c

4479

Reduction factor 7
Moment capacity
Moment capacity

Magnified moment

.878
.8 F
=

I
w oo o
H O 000

240.00

rom interaction diagram
rom Ase formula

240.00

rom interaction diagram
rom Ase formula




Form QA-66 (1) (OR) (8-97,
CHECKED DATE ‘ JOB NO.
APPROVED DATE sHeeT_C3 - OF
TITLE BY @ pate_ 417100
AC'.L 218 C'hop'Q\ 14 ‘G)fmw'Aa_,
Iu\ - "\Au Cd-c,)z + gg
3
Ase = S700+ ,2t7x boooo = 0.362
boooOo
a-= 0.362 X 60000 = 0.532 Cc= .532 =z .26
.BS x 4000 x |12 , 85
z
Tz & (Z2)(4-.0w) + 12(.0%)>= 340
3
Muw = 0,5 x 1zo000 59177 eibs
| = 5 (570)(240)"
01X 48 X 3upSoo0 x24.°
Do = 5(99717) (240 = ©.70:
‘0.1 % 48 x 360Soo0x Z4.
Mu= 6ooo + 5700 (.1 @)= 9977
= 0,%% &'
e
FMna = 0.%57 X 0.262 xboood x (4 — .532/2) /120 = 5.9 &'
* e Ay = TBE40O
P = Soo
=09 - 02 (500/38400): 0.8




STRUCTWARE

SHEET C4'1 OF
JOB TITLE Verification Problem No. 4 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
VERIFICATION PROBLEM NO 4
File = VER4.OUT
=
S| &
F Y
L I B B B BN BN OB RN BN BN BN BN BN BN BN T
=
S
o
Lo
]
L |
v L B BN BN BN BN BN ORE BN BN BN BN B OB BN BN
|< 2000 mm >|
f'. =35 MPa
f, = 400 MPa

(16) 30M bars top and bottom
A, = 700 mm? / bar

Member L = 30000 mm k=1.0

LOAD P M
(kN) (kN-m)
1 20000 10000




STRUCTWARE

SHEET C4-2 of
JOB TITLE Verification Problem No. 4 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
FILE = VER4.OUT

K ok Kk ok ok Kk Kk ok ok Kk Kk Kk ok ok Kk Kk ok ok Kk Kk oKk ok ok ok Kk Kk K

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk K K Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K* *

12/09/01, 4:22 pm

DESIGN CRITERTIA

OHBDC
Metric (millimeters, Newtons)

Design Criteria
Units

MATERIAL STRENGTH:

Concrete compressive strength = 35
Concrete modulus of elasticity = 29580
Reinforcing yield strength = 400
Reinforcing modulus of elasticity = 200000
STRENGTH REDUCTION FACTORS:
Tension and flexure =1
Compression and flexure = 1
Shear and torsion =1
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.81
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

Concrete 5

Reinforcing

0.7
0.9

CONCRETE CONFIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth width Add

0 2000 2000 1




STRUCTWARE

SHEET C4'3 OF
sos TiTLe Verification Problem No. 4 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

1 CIRCULAR SECTIONS:

Ycenter Radius Add

1000 750 -1

REINFORCING CONFIGURATION

2 REINFORCING LINES:

Ybeg Length Angle Nbar Abar
100 1800 0 16 700
1900 1800 0 16 700

LOAD CONDITIONS

(Units = kN-m)

1 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 20000.0 10000.0 0.0 0.0

MEMBER PROPERTTIES

MEMBER PROPERTIES:

Member length = 30000
Effective length factor =1
BOUNDARY CONDITIONS:
Condition End i End j
Shear restraint 1 1
Moment restraint 0 0
SLENDERNESS
(Moments in kN-m)
Moment magnification per design criteria
1 LOAD CONDITIONS:
No Mlns M2ns Mls M2s

1 0.0 0.0 0.0 0.0




STRUCTWARE

sos TiTLe Verification Problem No. 4

C4-4 o

SHEET

ORIGINATOR RM

pate 4/7/2004

JOB No. CALCULATION No.

REVIEWER

DATE

REINFORCING STEEL:

Area = 2.2400E+04
Ybar = 1.0000E+03
lo = 1.8144E+10 About

TRANSFORMED CONCRETE SECTION:

Area = 2.3619E+06
Ybar = 1.0000E+03
Inertia = 1.1894E+12

INTERACTTION DI AG

No BetaD BetaDs Tloads

1 0 0 1

No di dj ri rj

1 0 0 0 0
* K K K K Kk Kk Kk Kk Kk Kk Kk K Kk Kk Kk Kk Kk K Kk K K K KX X X *
* *
* PROGRAWM CONSEC *
* *
* OUTPUT DATA *
* *
* K K K K K Kk Kk K* K K K K K K Kk KX Kk K Kx K* K* K* K* K KX X
SECTION PROPERTIES
GROSS CONCRETE SECTION:

Area = 2.2329E+06

Ybar = 1.0000E+03

lo = 1.0848E+12 About concrete CG

reinf CG

RAM

Moments about centroid of gross

concrete section

(Units = kN-m)
c Mn Pn
0.0 -8064.0 Maximum tension
100.00 7097.0 -417 .4
105.00 7467 .4 83.4 Pure bending
200.00 13071.6 6307.4
300.00 16559.0 10594.0
400.00 18639.0 13486.1
500.00 20030.1 15670.0
600.00 21026.8 17463.6
700.00 21745.8 18978.7




STRUCTWARE

sos TiTLe Verification Problem No. 4

JOB No.

CALCULATION No.

SHEET

C4-5 of

oriciNaToR RM pate 4/7/2004

REVIEWER

DATE

777.00 22156.9
800.00 22259.9
900.00 22619.1
1000.00 22858.6
1100.00 23002.5
1188.00 23057.8
1200.00 22964.6
1300.00 22216.7
1400.00 21498.4
1500.00 20779.8
1600.00 20027.6
1700.00 19202.5
1800.00 18255.8
1900.00 171243
0.0

SLENDERNESS

20000.3
20285.3
21435.6
22472.0
23431.5
24243.6
24459.8
26183.6
27811.3
29398.8
30998.2
32661.3
34443 .4
36409.0
43038.5

EFFECTS

Load condition no 1

Balanced strain

Maximum compression

SLENDERNESS PER OHBDC:

LOAD CONDITION 1:

Pc

r
kil/r
kiI/r limit

Equivalent moment factor, Cm
Non-sway magnification factor

1101

697.
43.0
34.0

74.3

029

Sway magnification factor
Magnified moment

SECTI1ION ANALYSIS

1.000
1.319
1.000
13193.3

(Units = kN-m)
LOAD CONDITION NO 1

For Axial load
Reduction factor
Moment capacity
Initial moment
Magnified moment

20000.3
1.000

22156.9
10000.0
13193.3




Form QA-66 (1) (OR) (8-97)

b) Pure WJN% C= 105

Y = 42.5

T= -

y"= 900
105

\7‘-’ ol

?(: 3' K\\‘

CHECKED DATE JOB NO.
APPROVED DATE SHEET_CA- @ OF
TITLE BY__ flm DATE_2/17/ 2K/
. Sec;hw\: propetrer

Conecte A= @OOD)Z— I (750)7': 223 2%5¢4 -

| ¥ = 1000 . =

..... - 4 4 - [ :

I = Qo) - w(1S0) = [.0848x10 o
12 Fn : f

Kem.6 A= 32x700 = 22400
; Y = oo .
- A 0
T = 700 [ 16 x(300)° x z_] T 1% 4 x 10
TWorn n = 200008 = 6.7
29580
A= 2232900 + 22400(5.76)= 2361300
Y= 1000 ' R
T= 1,0548%x(0' "+ | 544x10'°(5.76) = /_’ra‘s‘z,i“,T@j’fT;jj”?j‘ﬁ”
v T atvroction dfaubrc—«-«

0) Mos tBnsien Pr = 22400x 0,9 x 400 = 8064

1000

o O;BIXIOS: 85 S
Ce = -75%.85 x 35x2000% $5 = 3793025

~4c0 x 9 x TOO xllb = -403 2000 L by

Se= (105 - 100)(.003)(200000) = 28.51 |~

QC = 28.57x700X 1l = 320000

Mer = 7408 k.u-w{




Form QA-66 (1) (OR) (8-97)

CHECKED DATE JOB NO.

APPROVED DATE sieer_H T oF

TITLE BY__ (¢m DATE_2{17/2 X
&) Al sthed c= 188 §

Aci = (’500}2[' 4
</—¢| =

Ac,z. =

Jee

a= 0.8 xug¥y = 9.

o= 87.0%6

S

.82~ 37,086 57 096
o3 _] - 8265 39

3.
1000 — (1500) Sm387,0g6 = Gel
12 (%20539)

| 962 x 2000 = |924coo

= 962fz2 = 4%l

¥ = ~ 826533 x b6l + (1924000 x481 = 345

—~

A

O
H

{1

\

(]

A) Max Compressin Pr= ,75[.,75

loa 74 )
109746 |
1097441 x 151,85 %35 = 24457099 ;
7e0 xto (,9x 400 - .15 x.85x35) = 3782100
oo
- 4632000
00O

; P(‘: 24 237 lenJ
le.= {000-48 = 952
M-=24237 x952 /(000 = 23074 pp-m

o (%)
° (152 R)

x,8Sx35 x 2232900 + 338y 22400

e e
R _

:

;

S

i

i

L

£

s

i

i

3.

{elolo]
€r= 43045 N




Form QA-66 (1) (OR) (8-97

CHECKED DATE JOB NO.
APPROVED DATE SHEET_O%-% OF
TITLE } BY Z DATE_2/17/00D
- Slem dennats o Meets BERERN
= (lostgx10*/2 2329 x10€ ) = ga
k2r = (D30000 f91 = 43
KL @van) = 34
EI = (, 2 x I, 0548 x10'® x 29580 + I 3[44;/0'; 2.0000'0)’4_""
= Loote x10°€
L= z 16 - 4
P. = T*(1.0046x10'°) = o172 kN
(30000)2' QL)
&M = [,0D ‘p"\ 'n—SPC—r\ 'O‘\Jﬂ_.
S = ! - 1319
[ 20000 ;
IS5 x (o112
Mm% = JO000D x (.319 = 13190 UkMN-wm




STRUCTWARE

SHEET C5-1 of
sos TiTLe Verification Problem No. 5 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER

DATE

VERIFICATION PROBLEM NO 5

<% "W;_dajqrsdma“; “Rembrsd Conencte Desrgn
Exermple 94,2
Fis = VERS .ouT

- i 30
~ ' ' -pL: 3000 Pgi
1 ﬁ?][ - .
{3{ - . -ﬁ\, 50000 ps
s 14 n = 29co00 = %29
. . 322019
s Section propertres
Concriti A= Tx30 +14x32 = 5%
y = 210394+ 48(23) = 16,78
stipSfS
L= 300 4+ 14(32) 4 a0 (13.28)°
12 12
+448 (6.22)" = 93455
fCe A= 12¢8
Y = 3¢
Trea. Az 658 + 2,48(8.29)= Tl
g < £58>68)+ 12 48(8 29)(36) = 19.40
761 ;

A34SS 1 ¢58(2.62) = 947972
12.48(36-19.4)% = 3439

I = 97972 + 8,29 (3439 = 126481 |
ot Iﬁ—mﬁd}m o’\iﬂ\st“c—-w\.,

Texrbool Solvhion: Mnz 1656 ¢!
T a= 94y
C= 948 /.85 1.1




STRUCTWARE

sos TiTLe Verification Problem No. 5

SHEET

C5-2 o

ORIGINATOR RM

JOB No.

CALCULATION No.

pate 4/7/2004

REVIEWER

DATE

FILE = VER5.0UT

* X * K *x KX Kx K X * K X * *x * * *x * * *x * X *x X * *

*
*
* PRO
*
*

*
* * * K* X KX K* X *

12/09/01, 4:49 pm

DESIGN CR

GRAM CONSEC

INPUT DATA ECHO

* * KX K* K KX K* Kk X * Kk X KX *x X KX *

I TERIA

oX ok X % ¥

Design Criteria

Units

ACI1-318
English (inches, pounds)

MATERIAL STRENGTH:

Concrete compressive strength
Concrete modulus of elasticity
Reinforcing yield strength
Reinforcing modulus of elasticity

STRENGTH REDUCTION FACTORS:

Tension and flexure = 0.9
Compression and flexure = 0.7
Shear and torsion = 0.85

STRESS BLOCK:

Ratio of average concrete strength
Ratio of depth of compression block
Maximum concrete strain

RESISTANCE FACTORS:

3000

50000

0.85
0.85
0.003

Concrete =1
Reinforcing =1
CONCRETE CONFIGURATION

3122019

2 _9E+07

2 RECTANGULAR SECTIONS

Ytop Depth Width Add
0 7 30 1
7 32 14 1




STRUCTWARE

sos TiTLe Verification Problem No. 5

JOB No.

SHEET

C5-3 or

ORIGINATOR RM

CALCULATION No.

pate 4/7/2004

REVIEWER

DATE

REINFOR

CING CONFIGURAT

1 ON

1 REINFORCING
Ybeg

36

* X * * X *

X b X ok X ok

* * * K X *

wn

ECTION

LINES:

Length Angle Nbar

1

0

1

* X *x K * KX K X * * X * X X *

ROGRAM

CONSEC

OUTPUT DATA

* * * K * KX K* * X K* X * K X *

PROPERTIES

Abar

12.48

* X * X *

o ok X % %

* X * *

GROSS CONCRETE

Area
Ybar

lo
Inertia

REINFORCING ST

Area
Ybar

lo
Inertia

SECTION:

6.5800E+02
1.6777E+01

9.3454E+04 About concrete CG
9.7942E+04 About composite CG

EEL:

1.2480E+01
3.6000E+01

0.0000E+00 About reinf CG
3.4439E+03 About composite CG

TRANSFORMED CONCRETE SECTION:

Area
Ybar
Inertia

INTERAC

7.6145E+02
1.9388E+01
1.2649E+05

T1ON DIAGRAWM

Moments about centroid of gross concrete sec

(Units = K-ft)

Mn

0.0

1168.1
1319.1
1452 .6
1568.6
1627.1

Pn
-624.0
-497.2
-370.4
-243.6
-116.8
-42.5

tion

Maximum tension




STRUCTWARE

sos TiTLe Verification Problem No. 5

JOB No.

CALCULATION No.

SHEET

C5-4 of

oricinaTorR RM

REVIEWER

pate 4/7/2004

DATE

11.16
11.70
13.65
15.60
17.55
19.50
21.45
22.87
23.40
25.35
27.30
29.25
31.20
33.15
35.10
37.05

1654.8
1664.8
1694 .4
1715.9
1729.1
1734.2
1731.1
1722.6
1656.7
1431.5
1227 .4
1038.7
861.0

690.8

525.6

363.2

0.0

0.3
16.6
75.8
135.0
194.2
253.3
312.5
356.3
411.1
508.7
768.1
922.7
1065.4
1198.2
1322.9
1440.6
1816.1

Pure bending

Balanced strain

Maximum compression




STRUCTWARE

SHEET C6-1 of
sos TiTLe Verification Problem No. 6 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
VERIFICATION PROBLEM NO 6
File = VER6.OUT
N

ol5] @ ® ®
=
]

® [ ] ® ®
Y
L 2000 mm
.

f'. = 4000 psi
fy = 60 ksi
fs = 36 ksi

(4) #9 bars top and bottom
Steel flanges and web all 1" thick

Member L = 30000 mm k=1.0

LOAD P M
(kN) (KN-m)

1 20000 10000




STRUCTWARE

SHEET C6-2 oF
JOB TITLE Verification Problem No. 6 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
FILE = VER6.OUT

K ok Kk ok ok Kk Kk ok ok Kk Kk Kk ok ok Kk Kk ok ok Kk Kk oKk ok ok ok Kk Kk K

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk K K Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K* *

12709701, 6:07 pm

DESIGN CRITERTIA

ACI1-318
English (inches, pounds)

Design Criteria
Units

MATERIAL STRENGTH:

Concrete compressive strength = 4000
Concrete modulus of elasticity = 3605000
Reinforcing yield strength = 60000
Reinforcing modulus of elasticity = 2.9E+07
Structural steel yield strength = 36000
Structural steel modulus of elasticity = 2_9E+07
STRENGTH REDUCTION FACTORS:
Tension and flexure = 0.9
Compression and flexure = 0.7
Shear and torsion = 0.85
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.85
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

Concrete =1
Reinforcing =1
Structural steel = 1

CONCRETE CO

=2

FIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth width Add

0] 24 24 1




STRUCTWARE

pate 4/7/2004

SHEET C6-3 oF
sos TirLe Verification Problem No. 6 oriGiNaTOR RM
JOB No. CALCULATION No. REVIEWER

DATE

REINFORCING CONFIGURATION

2 REINFORCING LINES:

Ybeg Length Angle Nbar Abar
3 18 0 4 1
21 18 0 4 1

STEEL CONFIGURATION

3 RECTANGULAR SHAPES:

Ytop Depth width
6 1 12
7 10 1
17 1 12

MEMBER PROPERTIES

MEMBER PROPERTIES:
Member length = 240

BOUNDARY CONDITIONS:

Condition End i End j
Shear restraint 0 1
Moment restraint 0 1

* K K Kk KX Kk Kk K* KX K Kk KX Kk KX K* X Kx X X K* Xx K* X *x X *

PROGRAM CONSETC

OUTPUT DATA

X ok X ok X %
ox ok X ok X

* KX KX Kk Kk K* KX Kx Kk KX Kk Kk K* X KX X KX K* X K* * KX X X X

SECTION PROPERTTIES

GROSS CONCRETE SECTION:

5.7600E+02
1.2000E+01
2.7648E+04 About concrete CG

Area
Ybar
1o




STRUCTWARE

sos TiTLe Verification Problem No. 6

JOB No.

CALCULATION No.

SHEET C6-4 of
oriciNaToR RM pate 4/7/2004
REVIEWER DATE

REINFORCING ST

Area
Ybar
1o

STEEL SHAPES:

Area
Ybar
1o

Area
Ybar
Inertia

INTERAC

EEL:

8.0000E+00
1.2000E+01

6.4800E+02 About reinf CG

3.4000E+01
1.2000E+01

8.1133E+02 About steel CG

TRANSFORMED CONCRETE SECTION:

8.7186E+02
1.2000E+01
3.7928E+04

T1ON DIAGRAM

(Units = K-Tt)
c

1.17
2.34
3.51
4.68
5.85
7.02
8.08
8.19
9.36
10.53
11.70
12.43
12.87
14.04
15.21
16.38
17.55
18.72
19.89
21.06
22.23
23.40

Mn

0.0
77.8
255.2
431.1
546.2
767.9
936.3
1035.4
1048.7
1149.3
1218.6
1250.6
1252.0
1214.9
1123.6
1039.6
960.1
883.1
807.0
730.6
670.2
588.9
504.8
0.0

Pn
-1704.0
-1622.8
-1399.9
-1170.0
-1002.1
-574.7
-229.1
2.3
29.0
295.2
533.7
725.4
832.1
959.1
1266.6
1535.7
1775.1
1990.7
2186.7
2366.9
2496.3
2655.3
2804.9
2815.7

Moments about centroid of gross concrete section

Maximum tension

Pure bending

Balanced strain

Maximum compression




Form QA-66 (1) (OR) (8-97)

CHECKED DATE

JOB NO.
APPROVED DATE SHEET_CL -5 OF
TITLE BY_(Lm DATE 2/22/c0

- Sechion propertres

2

A= @4—) = 57@
Y =1z
I, = C24')4/’Z = 27648

A= &
f: {2
r
T, = 2(4)(9) = 648
Stk A= 34
\/’: 12 v
- _ 3 3 z : =
Io = 202000+ 1 (i + 202)(5.5)= ¥1N.3
12 [ i R

Tanshod A= 576 4+ 70%(8)+ To44 (34)= 878
T = 27648 + 7.044(648) + 7.044 (R11.3) = 37927

+ Tntereetion diagre— SRR

aj Mert tension
(P,‘,: C& X 60 + 34 x36) = 1704




Form QA-66 (1) (OR) (8-97
CHECKED DATE JOB NO
APPROVED DATE SHEET -6 OF.
TITLE i BY___(&mM DATE_2/23 /e
b) Purt hendmy o
o o C'-‘ “8.08 ¥5 4L = 3400 ,..%‘,T._.....:,._,;,‘V_
o = 803 x,35= £.87 N
_ ‘ ot N:fméf T= 4x60000= -240000
Top rewf:  OF .003(3-5.08)(24x0%) = ~S4698
A C = 4 X (54¢98-3400) = +205/192
Conenelz C = 6.87x24x 3400 =+560592
o TBP Mt/-v-?L.‘ g = .003(6. 5= 808)(29x10%)= (7012 :
I g.08 |
C= 12y (17012 -3 ¢00)= + 163349
Botm Ple: T = 12 x 36000 = -432000 e
. ch:

bejms to y.‘e)-lo-’f" .42
Stress is et 8 08

7 < e< 8085 (1.54 L ,

G~ 5 .003(7.54-8.08)(2a x10%) = 5814
. . £.08 .

C = log(s814) = +6230

.08 < ¢ < L4z (9.78)

g =.003(9.75- 8’.08_)(29 xoeD= |78 |
¥. 0%
T = 3.34(798)) =-0065%
h4z2 « c < 17 ((4¢.21D

T= 5.58(3L000) = = 200%80D

. ¢F = 2415 ,

im :[. 240 (21) +205.192 (3) + 560.592 (3.43)
L +163.349(6.5) - 432(17.5) +6.29 (7.54)

- 60.055(9.75) - 200.33 (14.21) ] )1z = 1032.7
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STRUCTWARE

SHEET C7-1 of
sos TiTLe Verification Problem No. 7 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
VERIFICATION PROBLEM NO 7
File = VER7.0UT
20 mm
steel shell

f'. = 30 MPa
fs = 240 MPa concrete fill
o1 =0.85
B, =0.84

Radius to center of shell = 524 mm




STRUCTWARE

SHEET C7-2 or
JOB TITLE Verification Problem No. 7 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
FILE = VER7.0UT

K ok Kk ok ok Kk Kk ok ok Kk Kk Kk ok ok Kk Kk ok ok Kk Kk oKk ok ok ok Kk Kk K

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk K K Kk Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K* *

12/709/01, 6:28 pm

DESIGN CRITERTIA

AASHTO LRFD
Metric (millimeters, Newtons)

Design Criteria
Units

MATERIAL STRENGTH:

Concrete compressive strength = 30
Concrete modulus of elasticity = 26291
Structural steel yield strength = 240
Structural steel modulus of elasticity = 200000
STRENGTH REDUCTION FACTORS:
Tension and flexure =0.9
Compression and flexure = 0.75
Shear and torsion = 0.9
STRESS BLOCK:
Ratio of average concrete strength = 0.85
Ratio of depth of compression block = 0.84
Maximum concrete strain = 0.003

RESISTANCE FACTORS:

1
1

Concrete
Structural steel

CONCRETE CONFIGURATION

1 CIRCULAR SECTIONS:

Ycenter Radius Add

534 514 1




STRUCTWARE

sos TiTLe Verification Problem No. 7

JOB No.

SHEET C7-3 or

ORIGINATOR RM

CALCULATION No.

pate 4/7/2004

REVIEWER

DATE

STEEL CONFIGURATION

1 PIPE SHAPES:

Ycenter Radius Thickness

534 524 20

X ok X ok X ok

wn

* X * * *x KX * K X * K * * K * * *x * * *x * * K X * *

*
PROGRAWM CONSEC *
*

OUTPUT DATA *

*

*

* X K* K X KX Kx KX KXk K* Kk Xk K* Kk Xk K* *x * K* * * * *x * X

ECTION PROPERTTIES

GROSS CONCRETE SECTION:

Area = 8.3000E+05
Ybar = 5.3400E+02
lo =

STEEL SHAPES:

Area = 6.5848E+04
Ybar = 5.3400E+02
lo =

TRANSFORMED CONCRETE SECTION:

Area = 1.3309E+06
Ybar = 5.3400E+02
Inertia = 1.2362E+11

5.4821E+10 About concrete CG

9.0434E+09 About steel CG

INTERACTION DI AGRAWM

Moments about centroid of gross concrete section

(Units = kN-m)

Cc Mn

0.0
52.00 2114 .4
104.00 3260.6
156.00 4163.3
208.00 4923.7

260.00 5571.0

Pn

-15803.5 Maximum tension
-11648.7

-9143.6

-6930.2

-4814.2

-2731.7




STRUCTWARE

sos TiTLe Verification Problem No. 7

JOB No.

CALCULATION No.

SHEET

C7-4 of

oriciNaToR RM pate 4/7/2004

REVIEWER

DATE

312.00
329.00
364.00
416.00
468.00
520.00
572.00
624.00
676.00
728.00
763.00
780.00
832.00
884.00
936.00
988.00
1040.00

6119.5
6262.0
6565.5
6915.1
7165.3
7312.9
7355.4
7282.4
7086.8
6740.9
6370.6
6151.7
5496.6
4857.3
4230.3
3615.6
3016.8
0.0

-647.5
22.5

1426.5
3515.7
5634.2
7773.3
9933.1
12137.5
14388.5
16736.2
18467.7
19344 .9
21867.4
24163.0
26253.8
28153.6
29868.8
29995.9

Pure bending

Balanced strain

Maximum compression




Form QA-66 (1) (OR) (8-97,

CHECKED DATE JOB NO.
APPROVED DATE SHEET__S7-5  oF
TITLE ] BY_ (2m DATE 2 /24/0g
* Section Propertres n= 200000/ 262% % 7,607
Conents A= T(s54)°= $2499¢
Y = 524
n I, = 7_1-_(5,4—)4’: 5.4820 x0"°
N 4 e
Stz A= w530 (547 ] = ¢5845
J = 534
T, = m [(536)%- (si)*] = 90434xi07
4 |
Tremsboeed A= 82999 + 7,607 (C5548) = 13304107

534

5,482 110" %+ 7.607(9.0434x10%)= L 23cix0"
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CHECKED DATE

JOB NO

APPROVED DATE

sHeeT_C7-  oF

TITLE

By__(&m paTE_2/ 24100

¢ Thtcaction diagrem

Y Max ks P GSg4Bx 240: 15804 w0

¥

b) o = 343

loo®

8+ X343 = 28y

A o ekt
o = cos 5,4)- G 106° (1,672 =t}

21.072 ~Smb6ld cos6lh ] jqm)om
Acs Caas)t cldcestlt |- 12127

AT

!
)

g s BTl (10285t s ITB (frmertum ampfin)

St yidds 127 fum NA
Calewlctr Hore in stad

Ce = 172127%,95x30 = 4.3392x I0°N

12 (17217,7)

L,

s
<3

2 cos™ (1a1 /524) = 69.62° (1198 <)

ol
STeesS

cos™ :(328/524)= 51.25° (.9944 r)

cos™ (54 [524) = 84.08° (1.468 )
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CHECKED DATE JOB NO.
-7
APPROVED DATE sHEeT__ &7 OF
TITLE BY__ (L™ DATE_2{(24 /oo

> for segmest |
Area = 2art

\

2 (344)(524X20) = |57 47

=5 2r s (%) cos(F).- 2(524)(3893) 4+ 534 = 77

> Fofséjp»d 2

A= Zrt(L19%— g144) = G363
dme 1o vwaha S‘N»n-) wu.,?: 206 + 137/3 = 252

A= Z2rt (1.468-1498) = 5659
dn{, e V“'?);“) 5#0”’ wnat Y‘ = 34’3 + 2 (13'7)/3 = 431_

> For Segact 4

A= 2rt (1L 5708-1.468)= 2,55 & = 1.519¢4

7 = 5234 - 2(524)5m (0514) cos (1.5S194) = 507
- 1028

> For segpet S
A = v (sz24)z0)= 32924

Y = 534+ 2(524) = fo¥

=
| Sonmast Forca L Py
o 18747 (240) = 44993 x10° -

2 6363 (240/2-): 7. 0356 R1O° o

3 - 5659 (240/2Y= - (, 7908 x(0O°

4 - 2\55 (240) = - 5 (720 %10°

Y — 22924 (240)= - 7 9018x10°

—3.5352x0°

657688107




STEEL PIPE WITH CONCRETE CORE
INTERACTION DIAGRAM CALCULATIONS
PURE BENDING WITHc + Yd <R

Steel pipe Concrete core
CL"Y0" =534 Radius = 514 F factor = 1000
Radius = 524 fc=30 M factor = 1000000
Thickness = 20 al=0.85
fy = 240 bl=0.84
Es = 200000 em = 0.003
NA "c" = 329 a= 276
Concrete: alpha = 1.046

Area = 161696
Force = 4123239

Ybar = 171
Pipe: Yield distance = 132 Note: c+Yd<R OK
No | Angle
1 0.8732
2 1.1688
3 1.4303
Segment  Alpha Theta Area Ybar Force FY
1 0.4366 0.4366 18303 74 4.3926E+06 3.2549E+08
2 0.1478 1.0210 6196 283 7.4355E+05 2.1053E+08
3 0.1307 1.2995 5479 372 -6.5752E+05 -2.4464E+08
4 0.0703 1.5005 2946 497 -7.0696E+05 -3.5153E+08
5 32924 868 -7.9017E+06 -6.8555E+09
Total -4.1301E+06 -6.9156E+09
Section: P=-68

M = 6209.5



STEEL PIPE WITH CONCRETE CORE
INTERACTION DIAGRAM CALCULATIONS
AXIAL LOAD AND BENDING WITH ¢ + Yd <R

Steel pipe Concrete core
CL"Y0" = 534 Radius = 514 F factor = 1000
Radius = 524 fc =30 M factor = 1000000
Thickness = 20 al1=10.85
fy = 240 b1=0.84
Es = 200000 em = 0.003
NA "c¢" = 260 a= 218
Concrete: alpha = 0.910

Area = 112292
Force = 2863438

Ybar = 138
Pipe: Yield distance = 104 Note: c+Yd<R OK
No | Angle
1 0.7650
2 1.0205
3 1.2404
Segment  Alpha Theta Area Ybar Force FY
1 0.3825 0.3825 16035 60 3.848E+06  2.295E+08
2 0.1278 0.8928 5356 224 6.427E+05 1.437E+08
3 0.1099 1.1305 4608 294 -5.530E+05 -1.624E+08
4 0.1652 1.4056 6925 448 -1.662E+06 -7.450E+08
5 32924 868 -7.902E+06 -6.855E+09
Total -5.626E+06 -7.390E+09
Section: P=-2762.3
Ybar = 2532.608
e = -1998.608

M = 5520.7



PIPE.XLS

VERIFICATION PROBLEM NO 8
CHECK OF INTERACTION DIAGRAM

MOMENT AXIAL LOAD

C CONSEC| CHECK DIFF | CONSEC| CHECK DIFF
52 2114 2091 1% -11649 | -11689 0%
104 3261 3240 1% -9144 -9167 0%
156 4163 4135 1% -6930 -6956 0%
208 4924 4885 1% -4814 -4843 -1%
260 5571 5521 1% -2732 -2762 -1%
312 6120 6054 1% -648 -687 -6%
329 6262 6210 1% 23 -7 130%
364 6566 6486 1% 1427 1397 2%




STRUCTWARE

sos TiTLe Verification Problem No. 8

JOB No. CALCULATION No.

SHEET

C8-1 or

ORIGINATOR RM

pate 4/7/2004

REVIEWER

DATE

VERIFICATION PROBLEM NO 8

File = VER8.OUT

48 #18 BARS ——
-G O O
2.5 O O S
UNCONF INED O
)
CONCRETE 33 . O
o ) o ©
o O
‘\Q > O
\\() O /. )\6\ O O/
'O | o
0 |
200002

(2

PIER 96 COLUMN

Axial load = 502 kips
Mander confined concrete model:

e0 =0.002

fO = 3900 psi

eu = 0.005

Confinement is #5 spirals at 2.75"

Park complex reinforcing model:

ey = 0.00138
fy = 40000 psi
eh =0.019

fh = 40000 psi
eu=0.12

fu = 60000 psi

Calculate moment curvature using Caltrans XSECTION program as check for CONSEC.




Moment

72" Circular Column Moment Curvature
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STRUCTWARE

SHEET C8-3 or
sos TiTLe Verification Problem No. 8 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

FILE = VER8.OUT

* * * K K K KX Kk Kk K * K* Kk K *x X Kk Kk X X KX K X X X X *
*
* PROGRAM CONSEC
*
*

INPUT DATA ECHO

*

ook ok % X X

* X * K* Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Xk *k K* * * * K* * * * X* *

12/709/01, 7:05 pm

STRESS-STRAIN INFORMATION

CONCRETE MODEL:

Mander concrete model

Unconfined strain = 0.002
Unconfined stress = 3900
Modulus of elasticity = 3559649
Ultimate strain = 0.01335
Ultimate stress =0
Spalling strain = 0.005
Confined stress = 4786.4
Spiral confinement:
Bar diameter = 0.625
Long spacing =2.75
Concrete cover = 2.5
Yield strength = 40000
Ultimate strain = 0.12
Spiral diameter = 67

REINFORCING MODEL:

Park reinforcing model
(with complex strain hardening)

Point Strain Stress
1 -0.12 -60000
2 -0.01932 -40000
3 -0.00138 -40000
4 0.00138 40000
5 0.01932 40000
6 0.12 60000

CONCRETE CONFIGURATION

1 CIRCULAR SECTIONS:

Ycenter Radius Add

36 36 1




STRUCTWARE

SHEET C8-4 of
JOB TITLE Verification Problem No. 8 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
REINFORCING CONFIGURATION
2 REINFORCING ARCS:
Ycenter Radius Abeg Atot Nbar Abar
36 31.75 0 350 36 4
36 25.75 0 330 12 4

LOAD CONDITIONS

(Units = K-ft)

1 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 502.0 0.0 0.0 0.0

MEMBER PROPERTIES

MEMBER PROPERTIES:
Member length = 200

BOUNDARY CONDITIONS:

Condition End i End j
Shear restraint 0 1
Moment restraint 0 1

* K X K* Kk Kk Kk K* Kk Kk Kk Kk Kk Xk Xk Kk Kk X Xk K*k Kx Xk X *x K *

PROGRAM CONSEC

ok % % X o X

*
*
OUTPUT DATA *
*
*

* * X K* K *x X K* K *x * * k* * * * * *x * * * *x * * *x

SECTION PROPERTIES

GROSS CONCRETE SECTION:

Area = 4.0715E+03
Ybar = 3.6000E+01
lo = 1.3192E+06 About concrete CG

REINFORCING STEEL:

Area = 1.9200E+02
Ybar = 3.6000E+01
lo = 8.8494E+04 About reinf CG




STRUCTWARE

SHEET C8-5 or
JOB TITLE Verification Problem No. 8 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

TRANSFORMED CONCRETE SECTION:

Area = 5.6630E+03

Ybar = 3.6000E+01

Inertia = 2.0527E+06
MOMENT CURVATURE
Moments about centroid of gross concrete section
(Units = K-ft)
Load Condition Number 1
Axial Load = 502.0
Strain c Axial Curvature Moment
0.00010 45.05 503.0 0.000002 1046.6
0.00020 34.70 503.5 0.000006 2210.0
0.00030 31.85 502.1 0.000009 3372.0
0.00040 30.60 505.9 0.000013 4527.1
0.00050 29.90 508.6 0.000017 5672.5
0.00060 29.45 507.4 0.000020 6807.1
0.00070 29.15 504.0 0.000024 7928.0
0.00080 29.00 514.9 0.000028 9028.5
0.00090 28.85 509.2 0.000031 10119.2
0.00100 28.75 503.7 0.000035 11192.8
0.00110 28.60 517.8 0.000038 12129.3 Reinf tens yield
0.00120 28.25 512.1 0.000042 12903.1
0.00130 27.80 510.2 0.000047 13526.1
0.00140 27.25 503.4 0.000051 14015.8
0.00150 26.80 513.3 0.000056 14475.0
0.00160 26.30 508.2 0.000061 14861.9
0.00170 25.80 505.2 0.000066 15170.8 Reinf comp yield
0.00180 25.35 505.9 0.000071 15385.1
0.00190 25.00 507.5 0.000076 15577.6
0.00200 24.70 505.7 0.000081 15756.1
0.00210 24.40 511.7 0.000086 15906.8
0.00220 24.15 514.7 0.000091 16031.6
0.00230 23.90 506.2 0.000096 16136.7
0.00240 23.70 505.1 0.000101 16246.9
0.00250 23.55 510.5 0.000106 16357.1
0.00260 23.40 515.4 0.000111 16451.8
0.00270 23.15 510.5 0.000117 16494.7
0.00280 22.95 513.1 0.000122 16545.9
0.00290 22.80 518.2 0.000127 16593.3
0.00300 22.65 516.9 0.000132 16629.9
0.00310 22.50 512.7 0.000138 16660.7
0.00320 22.35 502.9 0.000143 16683.1
0.00330 22.25 507.3 0.000148 16722.5
0.00340 22.15 507.7 0.000153 16755.6
0.00350 22.05 504.3 0.000159 16782.7
0.00360 22.00 520.6 0.000164 16832.5
0.00370 21.85 508.2 0.000169 16831.8
0.00380 21.75 505.2 0.000175 16840.8
0.00390 21.70 517.3 0.000180 16869.7
0.00400 21.60 509.0 0.000185 16870.1
0.00410 21.55 516.4 0.000190 16890.3
0.00420 21.50 520.7 0.000195 16903.9




STRUCTWARE

SHEET C8-6 or
JOB TITLE Verification Problem No. 8 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
0.00430 21.45 520.7 0.000200 16907.3
0.00440 21.40 517.6 0.000206 16903.4
0.00450 21.35 510.3 0.000211 16890.1
0.00460 21.35 521.3 0.000215 16898.7
0.00470 21.30 509.2 0.000221 16874.8
0.00480 21.30 516.0 0.000225 16873.7
0.00490 21.30 521.6 0.000230 16870.1
0.00500 21.25 502.8 0.000235 16831.7
0.00510 21.25 505.5 0.000240 16821.6 Conc spalling
0.00520 21.25 507.2 0.000245 16811.2
0.00530 21.25 504.0 0.000249 16793.0
0.00540 21.25 502.0 0.000254 16779.3
0.00550 21.30 521.9 0.000258 16794 .6
0.00560 21.30 522.5 0.000263 16789.3
0.00570 21.30 522.4 0.000268 16782.5
0.00580 21.30 523.4 0.000272 16779.3
0.00590 21.30 523.8 0.000277 16775.0
0.00600 21.25 502.2 0.000282 16744.7
0.00610 21.25 502.5 0.000287 16741.7
0.00620 21.25 503.5 0.000292 16740.6
0.00630 21.25 504.0 0.000296 16739.0
0.00640 21.25 504.0 0.000301 16736.2
0.00650 21.25 505.0 0.000306 16736.5
0.00660 21.25 505.4 0.000311 16735.7
0.00670 21.25 505.0 0.000315 16733.0
0.00680 21.25 505.7 0.000320 16733.3
0.00690 21.25 506.0 0.000325 16733.0
0.00700 21.25 505.5 0.000329 16731.0
0.00710 21.25 505.5 0.000334 16730.3
0.00720 21.25 505.3 0.000339 16729.7
0.00730 21.25 504.9 0.000344 16728.4
0.00740 21.25 504.3 0.000348 16727.0
0.00750 21.25 503.8 0.000353 16726.1
0.00760 21.25 505.6 0.000358 16727.0
0.00770 21.25 508.8 0.000362 16728.8
0.00780 21.25 512.1 0.000367 16731.2
0.00790 21.25 515.5 0.000372 16734.1
0.00800 21.25 518.4 0.000376 16735.7
0.00810 21.25 520.9 0.000381 16736.9
0.00820 21.20 503.3 0.000387 16711.9
0.00830 21.20 506.3 0.000392 16714 .3
0.00840 21.20 509.0 0.000396 16716.4
0.00850 21.20 511.3 0.000401 16717 .4
0.00860 21.20 513.0 0.000406 16717.5
0.00870 21.20 514.7 0.000410 16717.5
0.00880 21.20 516.9 0.000415 16718.9
0.00890 21.20 517.9 0.000420 16722.7
0.00900 21.20 517.2 0.000425 16730.2
0.00910 21.20 516.3 0.000429 16737.2
0.00920 21.20 514.4 0.000434 16743.8
0.00930 21.20 511.7 0.000439 16754 .3
0.00940 21.20 509.0 0.000443 16765.0
0.00950 21.20 506.3 0.000448 16775.3
0.00960 21.20 503.5 0.000453 16785.1
0.00970 21.25 523.5 0.000456 16818.7
0.00980 21.25 519.3 0.000461 16830.8
0.00990 21.25 514.9 0.000466 16843.6




STRUCTWARE

SHEET C8-7 or
JOB TITLE Verification Problem No. 8 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

0.01000 21.25 510.6 0.000471 16856.2
0.01010 21.25 506.1 0.000475 16868.4
0.01020 21.30 528.3 0.000479 16907.6
0.01030 21.30 523.1 0.000484 16920.7
0.01040 21.30 517.8 0.000488 16933.5
0.01050 21.30 512.5 0.000493 16945.8
0.01060 21.30 507.0 0.000498 16960.8
0.01070 21.35 528.8 0.000501 17002.1
0.01080 21.35 522.3 0.000506 17017.0
0.01090 21.35 515.8 0.000511 17031.5
0.01100 21.35 509.2 0.000515 17045.6
0.01110 21.35 502.6 0.000520 17059.3
0.01120 21.40 524.3 0.000523 17098.5
0.01130 21.40 516.8 0.000528 17114.8
0.01140 21.40 509.5 0.000533 17131.4
0.01150 21.40 502.2 0.000537 17147.6
0.01160 21.45 524.0 0.000541 17188.6
0.01170 21.45 516.4 0.000545 17203.5
0.01180 21.45 508.8 0.000550 17218.1
0.01190 21.50 530.1 0.000553 17257.1
0.01200 21.50 521.3 0.000558 17273.3
0.01210 21.50 512.7 0.000563 17289.5
0.01220 21.50 504.5 0.000567 17306.1
0.01230 21.55 526.0 0.000571 17346.7
0.01240 21.55 518.0 0.000575 17362.8
0.01250 21.55 509.9 0.000580 17378.7
0.01260 21.60 531.5 0.000583 17418.2
0.01270 21.60 523.3 0.000588 17433.1
0.01280 21.60 515.1 0.000593 17447.5
0.01290 21.60 506.8 0.000597 17461.7
0.01300 21.65 528.0 0.000600 17499.2
0.01310 21.65 520.4 0.000605 17513.8
0.01320 21.65 512.8 0.000610 17528.2
0.01330 21.65 505.3 0.000614 17542 .3
0.01340 21.70 527.2 0.000618 17580.2
Yield curvature = 3.8462E-05

Ultimate curvature = 6.1751E-04

Idealized plastic moment = 16674.8

Maximum tension

Cracked moment of inertia
Based on 1st yield strain

LOCAL MEMBER DUCTILITY:

Idealized yield curvature
Plastic hinge length
Yield deflection

Ultimate deflection

Local member ductility

1.0631E+06
-0.00151

5.2875E-05
29.5

0.705
3.795

5.4

-5271. At moment =

17542 .3
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STRUCTWARE

SHEET C8-9 oF
sos TirLe Verification Problem No. 8 oriGiNaTOR RM
JOB No. CALCULATION No. REVIEWER

pate 4/7/2004

DATE

FILE = VERSMCX.OUT

03/30/2000, 12:21

EAEAEEAAEXEAAXAXAAXAXAAXAXAAXAXAAXAXAAXXAAXAXAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAAAXAhAdx

*

XSECTION

DUCTILITY and STRENGTH of
Circular, Semi-Circular, full and partial Rings,
Rectangular, T-, I-, Hammer head, Octagonal, Polygons
or any combination of above shapes forming
Concrete Sections using Fiber Models

VER. 2.11, MAY-06-95

Copyright (C) 1994, 1995 By Mark Seyed.

In no event shall the author be held liable for
incidental or consequential damages arising out of the
use of this program.

ok o k% ok % ok X ok X ok X b X ok X ok X %

A proper license must be obtained to use this software.
For GOVERNMENT work call 916-227-8404, otherwise leave a *
message at 916-756-2367. The author makes no expressed or*
implied warranty of any kind with regard to this program.*

ook ok ok % % X X X X X % F

*

*

*

*

*

R R e o o R R A R R AR R e e R R AR R R R R R S R R R R R AR AR R R R R X Ak

This output was generated by running:
XSECTION

VER._2.11,_ MAY-06-95

LICENSE (choices: LIMITED/UNLIMITED)
LIMITED

ENTITY (choices: GOVERNMENT/CONSULTANT)
CONSULTANT

NAME_OF_FIRM

ZIPPY_ENGINEERING

BRIDGE_NAME

ROCKET_AVE.

BRIDGE_NUMBER

123-456

JOB_TITLE

rect w/mirror

Concrete Type Information:

—————————— strains--------  —-—------strength--—-----
Type e0 e2 ecc eu 0 2 fcc fu

E

1 0.0020 0.0040 0.0042 0.0140 3.90 4.77 4.77 3.71 3561
2 0.0020 0.0040 0.0020 0.0050 3.90 2.95 3.90 2.50 3561

W
144
144




STRUCTWARE

SHEET C8-10 oF
sos TiTLe Verification Problem No. 8 oricinaToR RM oate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
Steel Type Information:
————— strains------ --strength-
Type ey eh eu Ty fu E

1 0.0014 0.0190 0.1200 40.00 60.00 29000
2 0.0023 0.0110 0.0900 68.00 95.00 29000

Concrete Fiber Information:

Fiber XC ycC area
No. type in in in"2
1 1 1.55 0.64 4.41
2 1 0.64 1.55 4.41
3 1 -0.64 1.55 4.41
4 1 -1.55 0.64 4.41
5 1 -1.55 -0.64 4.41
6 1 -0.64 -1.55 4.41
7 1 0.64 -1.55 4.41
8 1 1.55 -0.64 4.41
9 1 4.78 1.55 10.58
10 1 2.95 4.07 10.58
11 1 0.00 5.02 10.58
12 1 -2.95 4.07 10.58
13 1 -4.78 1.55 10.58
14 1 -4.78 -1.55 10.58
15 1 -2.95 -4.07 10.58
16 1 0.00 -5.02 10.58
17 1 2.95 -4.07 10.58
18 1 4.78 -1.55 10.58
19 1 8.13 2.00 13.56
20 1 6.27 5.55 13.56
21 1 2.97 7.83 13.56
22 1 -1.01 8.31 13.56
23 1 -4.76 6.89 13.56
24 1 -7.42 3.89 13.56
25 1 -8.38 0.00 13.56
26 1 -7.42 -3.89 13.56
27 1 -4.76 -6.89 13.56
28 1 -1.01 -8.31 13.56
29 1 2.97 -7.83 13.56
30 1 6.27 -5.55 13.56
31 1 8.13 -2.00 13.56
32 1 11.50 2.29 15.42
33 1 9.75 6.51 15.42
34 1 6.51 9.75 15.42
35 1 2.29 11.50 15.42
36 1 -2.29 11.50 15.42
37 1 -6.51 9.75 15.42
38 1 -9.75 6.51 15.42
39 1 -11.50 2.29 15.42




STRUCTWARE

sos TiTLe Verification Problem No. 8

JOB No.

CALCULATION No.

SHEET

C8-11 o

oricinaTorR RM

pate 4/7/2004

REVIEWER

DATE

40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90

RPRRPRRRPRRPRRPRRPRRPRPRRPRRPRRPRRPRRPRRPRRPRRPRRRRPREPREPRPRPRRPRRPRRPRPRRRRRRPRRRRRRERRERERRERRERRERRRRRRRR

-11.50
-9.75
-6.51
-2.29

2.29
6.51
9.75
11.50
14.87
13.26
10.21
6.06
1.24
-3.70
-8.25

-11.90

-14.26

-15.07

-14.26

-11.90
-8.25
-3.70

1.24
6.06
10.21
13.26
14.87
18.24
16.76
13.92
9.96
5.19
0.00
-5.19
-9.96

-13.92

-16.76

-18.24

-18.24

-16.76

-13.92
-9.96
-5.19

0.00
5.19
9.96
13.92
16.76
18.24
21.59
20.12

-2.29
-6.51
-9.75
-11.50
-11.50
-9.75
-6.51
-2.29
2.48
7.17
11.09
13.81
15.02
14.61
12.62
9.26
4.89
0.00
-4.89
-9.26
-12.62
-14.61
-15.02
-13.81
-11.09
-7.17
-2.48
2.62
7.65
12.07
15.50
17.68
18.42
17.68
15.50
12.07
7.65
2.62
-2.62
-7.65
-12.07
-15.50
-17.68
-18.42
-17.68
-15.50
-12.07
-7.65
-2.62
2.84
8.33

15.42
15.42
15.42
15.42
15.42
15.42
15.42
15.42
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
16.70
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
17.63
19.10
19.10




STRUCTWARE

sos TiTLe Verification Problem No. 8

JOB No.

CALCULATION No.

SHEET

C8-12 o

oricinaTorR RM

pate 4/7/2004

REVIEWER

DATE

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141

RPRRPRRRPRRPRRPRRPRRPRPRRPRRPRRPRRPRRPRRPRRPRRPRRRRPREPREPRPRPRRPRRPRRPRPRRRRRRPRRRRRRERRERERRERRERRERRRRRRRR

17.28
13.26
8.33
2.84
-2.84
-8.33
-13.26
-17.28
-20.12
-21.59
-21.59
-20.12
-17.28
-13.26
-8.33
-2.84
2.84
8.33
13.26
17.28
20.12
21.59
24.96
23.61
20.99
17.24
12.56
7.21
1.46
-4.36
-9.95
-15.00
-19.25
-22.45
-24.45
-25.12
-24.45
-22.45
-19.25
-15.00
-9.95
-4.36
1.46
7.21
12.56
17.24
20.99
23.61
24.96
28.32
27.08

13.26
17.28
20.12
21.59
21.59
20.12
17.28
13.26
8.33
2.84
-2.84
-8.33
-13.26
-17.28
-20.12
-21.59
-21.59
-20.12
-17.28
-13.26
-8.33
-2.84
2.92
8.59
13.81
18.28
21.76
24_07
25.08
24.74
23.07
20.15
16.15
11.28
5.79
0.00
-5.79
-11.28
-16.15
-20.15
-23.07
-24.74
-25.08
-24.07
-21.76
-18.28
-13.81
-8.59
-2.92
2.98
8.80

19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.10
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.59
19.98
19.98




STRUCTWARE

sos TiTLe Verification Problem No. 8

JOB No.

CALCULATION No.

SHEET

C8-13 o

oricinaTorR RM

pate 4/7/2004

REVIEWER

DATE

142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192

RPRRPRRRPRRPRRPRRPRRPRPRRPRRPRRPRRPRRPRRPRRPRRPRRRRPREPREPRPRPRRPRRPRRPRPRRRRRRPRRRRRRERRERERRERRERRERRRRRRRR

24.66
21.16
16.74
11.58
5.92
0.00
-5.92
-11.58
-16.74
-21.16
-24.66
-27.08
-28.32
-28.32
-27.08
-24.66
-21.16
-16.74
-11.58
-5.92
0.00
5.92
11.58
16.74
21.16
24.66
27.08
28.32
31.68
30.54
28.29
25.02
20.84
15.91
10.41
4.53
-1.51
-7.50
-13.22
-18.46
-23.03
-26.77
-29.55
-31.25
-31.82
-31.25
-29.55
-26.77
-23.03
-18.46
-13.22

14.24
19.05
23.04
26.01
27.85
28.47
27.85
26.01
23.04
19.05
14.24
8.80
2.98
-2.98
-8.80
-14.24
-19.05
-23.04
-26.01
-27.85
-28.47
-27.85
-26.01
-23.04
-19.05
-14.24
-8.80
-2.98
3.03
8.97
14.58
19.67
24.05
27.56
30.07
31.50
31.79
30.93
28.95
25.92
21.96
17.21
11.83
6.02
0.00
-6.02
-11.83
-17.21
-21.96
-25.92
-28.95

19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
19.98
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30




STRUCTWARE

sos TiTLe Verification Problem No. 8

JOB No.

CALCULATION No.

SHEET

C8-14 o

oricinaTorR RM

pate 4/7/2004

REVIEWER

DATE

193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243

NNNPNNNNNNNDNNNNNNDNNNDNNNDNNNNNNNNNDNNNDNNNNNNNNNNNNRRRPRRPRPRRRR

-7.50
-1.51
4.53
10.41
15.91
20.84
25.02
28.29
30.54
31.68
33.98
32.82
30.55
27.23
22.99
17.96
12.33
6.27
0.00
-6.27
-12.33
-17.96
-22.99
-27.23
-30.55
-32.82
-33.98
-33.98
-32.82
-30.55
-27.23
-22.99
-17.96
-12.33
-6.27
0.00
6.27
12.33
17.96
22.99
27.23
30.55
32.82
33.98
35.23
34.10
31.87
28.62
24.45
19.49
13.90

-30.93
-31.79
-31.50
-30.07
-27.56
-24.05
-19.67
-14.58
-8.97
-3.03
3.15
9.34
15.21
20.56
25.22
29.01
31.82
33.54
34.12
33.54
31.82
29.01
25.22
20.56
15.21
9.34
3.15
-3.15
-9.34
-15.21
-20.56
-25.22
-29.01
-31.82
-33.54
-34.12
-33.54
-31.82
-29.01
-25.22
-20.56
-15.21
-9.34
-3.15
3.17
9.41
15.35
20.79
25.57
29.52
32.53

20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
20.30
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.88
7.94
7.94
7.94
7.94
7.94
7.94
7.94




STRUCTWARE

-29.84 10.86 4_00
-31.27 5.51 4.00

SHEET C8-15 of
JOB TITLE Verification Problem No. 8 oricINaTOR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
244 2 7.87 34.49 7.94
245 2 1.59 35.34 7.94
246 2 -4.75 35.05 7.94
247 2 -10.93 33.64 7.94
248 2 -16.76 31.15 7.94
249 2 -22.06 27 .66 7.94
250 2 -26.64 23.27 7.94
251 2 -30.37 18.14 7.94
252 2 -33.12 12.43 7.94
253 2 -34.81 6.32 7.94
254 2 -35.38 0.00 7.94
255 2 -34.81 -6.32 7.94
256 2 -33.12 -12.43 7.94
257 2 -30.37 -18.14 7.94
258 2 -26.64 -23.27 7.94
259 2 -22.06 -27.66 7.94
260 2 -16.76 -31.15 7.94
261 2 -10.93 -33.64 7.94
262 2 -4.75 -35.05 7.94
263 2 1.59 -35.34 7.94
264 2 7.87 -34.49 7.94
265 2 13.90 -32.53 7.94
266 2 19.49 -29.52 7.94
267 2 24.45 -25.57 7.94
268 2 28.62 -20.79 7.94
269 2 31.87 -15.35 7.94
270 2 34.10 -9.41 7.94
271 2 35.23 -3.17 7.94
Steel Fiber Information:
Fiber XC ycC area
No. type in in in"2
1 1 31.75 0.00 4.00
2 1 31.27 5.51 4.00
3 1 29.84 10.86 4.00
4 1 27 .50 15.88 4.00
5 1 24 .32 20.41 4.00
6 1 20.41 24 .32 4.00
7 1 15.87 27 .50 4.00
8 1 10.86 29.84 4.00
9 1 5.51 31.27 4.00
10 1 0.00 31.75 4.00
11 1 -5.51 31.27 4.00
12 1 -10.86 29.84 4.00
13 1 -15.88 27 .50 4.00
14 1 -20.41 24 .32 4.00
15 1 -24.32 20.41 4.00
16 1 -27.50 15.87 4.00
1
1




STRUCTWARE

SHEET C8-16 oF
sos TiTLe Verification Problem No. 8 oricinaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

19 1 -31.75 0.00 4.00
20 1 -31.27 -5.51 4.00
21 1 -29.84 -10.86 4_00
22 1 -27.50 -15.88 4.00
23 1 -24.32 -20.41 4.00
24 1 -20.41 -24.32 4.00
25 1 -15.87 -27.50 4.00
26 1 -10.86 -29.84 4.00
27 1 -5.51 -31.27 4.00
28 1 0.00 -31.75 4.00
29 1 5.51 -31.27 4.00
30 1 10.86 -29.84 4.00
31 1 15.88 -27.50 4._00
32 1 20.41 -24.32 4.00
33 1 24.32 -20.41 4.00
34 1 27.50 -15.87 4.00
35 1 29.84 -10.86 4.00
36 1 31.27 -5.51 4.00
37 1 25.75 0.00 4.00
38 1 22.30 12.88 4.00
39 1 12.87 22.30 4.00
40 1 0.00 25.75 4.00
41 1 -12.88 22.30 4._00
42 1 -22.30 12.87 4.00
43 1 -25.75 0.00 4.00
44 1 -22.30 -12.88 4_00
45 1 -12.87 -22.30 4.00
46 1 0.00 -25.75 4.00
47 1 12.88 -22.30 4.00
48 1 22.30 -12.87 4.00

Force Equilibrium Condition of the x-section:

Max . Max .
Conc. Neutral Steel Steel
Strain AXis Strain Conc. force P/S Net Curvature Moment
step epscmax in. Tens. Comp. Comp. Tens. force force in/in (K-Fb)
0 0.00000 0.00 0.0000 0 0 0 0 0.00 0.000000 0
1 0.00028 4.29 -0.0003 713 374 -585 0 -0.43 0.000009 3245
2 0.00031 4.82 -0.0004 769 407 -674 0 -0.16 0.000010 3599
3 0.00034 5.29 -0.0004 830 443 -772 0 -0.29 0.000011 3988
4 0.00038 5.69 -0.0005 898 484 -880 0 -0.06 0.000012 4418
5 0.00042 6.05 -0.0005 973 530 -1001 0 -0.22 0.000014 4891
6 0.00046 6.36 -0.0006 1055 581 -1134 0 -0.04 0.000016 5412
7 0.00051 6.63 -0.0007 1145 637 -1281 0 -0.04 0.000017 5985
8 0.00057 6.87 -0.0007 1245 700 -1442 0 0.43 0.000019 6615
9 0.00062 7.07 -0.0008 1353 769 -1620 0 0.43 0.000022 7307
10 0.00069 7.24 -0.0009 1471 846 -1814 0 0.36 0.000024 8066
11 0.00076 7.38 -0.0010 1600 931 -2028 0 0.80 0.000027 8896
12 0.00084 7.49 -0.0012 1739 1025 -2262 0 -0.06 0.000030 9803
13 0.00093 7.58 -0.0013 1890 1130 -2518 0 0.32 0.000033 10792
14 0.00103 7.69 -0.0014 2047 1245 -2790 0 -0.37 0.000036 11833
15 0.00114 8.01 -0.0016 2188 1362 -3048 0 -0.57 0.000041 12754




STRUCTWARE

SHEET C8-17 or
sos TirLe Verification Problem No. 8 oriGiNaTOR RM
JOB No. CALCULATION No. REVIEWER

pate 4/7/2004

DATE

16 0.00126 8.52 -0.0019 2309 1479 -3286 0 -0.
17 0.00139 9.23 -0.0021 2409 1593 -3500 0

18 0.00154 9.97 -0.0025 2501 1709 -3709 0] -0.
19 0.00170 10.81 -0.0029 2567 1815 -3879 0 0
20 0.00188 11.49 -0.0033 2637 1897 -4032 0 0
21  0.00208 12.11 -0.0038 2709 1963 -4169 0 0
22 0.00230 12.63 -0.0044 2785 2017 -4301 0] -0
23 0.00254 13.10 -0.0050 2854 2067 -4420 0

24 0.00281 13.64 -0.0057 2895 2108 -4502 0 -0.
25 0.00311 14.05 -0.0065 2946 2141 -4585 0 0
26 0.00344 14.39 -0.0074 2999 2170 -4666 0 0
27 0.00380 14.78 -0.0083 3031 2193 -4722 0 -0
28 0.00420 15.05 -0.0094 3071 2208 -4777 0 0
29 0.00464 15.18 -0.0105 3099 2227 -4824 0 0
30 0.00513 15.19 -0.0116 3105 2259 -4861 0 0
31 0.00568 15.16 -0.0128 3113 2285 -4897 0] -0
32 0.00628 15.13 -0.0141 3146 2292 -4936 0 -0
33 0.00694 15.14 -0.0156 3179 2297 -4975 0 -0
34 0.00767 15.18 -0.0173 3199 2300 -4997 0 -0
35 0.00848 15.22 -0.0192 3224 2302 -5023 0]

36 0.00937 15.14 -0.0211 3256 2316 -5070 0 0
37 0.01036 15.00 -0.0231 3293 2340 -5132 0 -0
38 0.01146 14.85 -0.0253 3345 2369 -5211 0 0
39 0.01266 14.67 -0.0276 3392 2407 -5297 0 -0
40 0.01400 14.49 -0.0302 3438 2449 -5386 0 -0.

First Yield of Rebar Information (not ldealized):

Rebar Number 28

Coordinates X and Y (global in.) 0.00, -31.75
Yield strain = 0.00138

Curvature (rad/Zin)= 0.000035

Moment (ft-k) = 11455

Assume concrete modulus (ksi) = 3561

Cracked Moment of Inertia (ft™4) = 53.109

eNeoeojojojoNoNoojoNololoNoNoloNoNoNoNoNoNoNoNoNe)

-000046
-000052
-000059
-000068
-000077
-000087
-000099
-000111
-000126
-000142
-000159
-000179
-000201
-000223
-000247
-000273
-000301
-000333
-000369
-000409
-000450
-000494
-000543
-000595
-000652

13560
14233
14862
15367
15745
16056
16328
16558
16693
16816
16922
16985
17032
17024
16956
16887
16860
16850
16832
16830
16935
17109
17359
17633
17912




STRUCTWARE

sos TiTLe Verification Problem No. 9

JOB No. CALCULATION No.

SHEET C9-1 o
oriciNaToR RM pate 4/7/2004
REVIEWER DATE

VERIFICATION PROBLEM NO

File = VER9.OUT

2{] "

20"
.
.

f'. = 6000 psi
f, = 60 ksi

(8) #10 bars
A, =1.27 in?/ bar

9

Check the ACI 318-02 code using the reinforced concrete section from Verification Problem No.
1. The difference from the ACI 318-99 code that is to be verified is the phi factor calculation as a
function of the maximum tensile strain in the reinforcement.

| 2.5" to @ bar, typ

LOAD P M
(KIPS) (K-FT)

1 300 100

2 400 100
3 500 100
4 600 100

“c” values from output file
strain =-(17.5-¢) x0.003 /¢

If strain < -0.005 then phi = 0.90

If strain > -0.002069 then phi = 0.65
Else phi = 0.9 — (-0.005 — strain)(0.9 — 0.65) / (-0.005 + 0.002069)

LOAD C strain phi
(in)
1 6.50 -0.00508 0.900
2 7.73 -0.00379 0.797
3 10.13 -0.00218 0.660
4 11.35 -0.00163 0.650




STRUCTWARE

sos TiTLe Verification Problem No. 9

SHEET

C9-2 o

ORIGINATOR RM

JOB No. CALCULATION No.

REVIEWER

pate 4/7/2004

DATE

FILE = VER9.OUT

*
*
* PROGRA
*
*
*

4/29/02, 1:17 pm

* KX Kk Kk Kk K* KX Kx K Kk *k KX K* X KX X KX K* X K* X K X X X

M CONSEC

DESIGN CRITERTIA

INPUT DATA ECHO

* X * K *x KX * K X * K X * K X * K * * * * * X X * *

ook ok ok % % ¥

Design Criteria
Units

MATERIAL STRENGTH:

STRENGTH REDUCTION FACTO
Tension and Fflexure
Compression and fle
Shear and torsion

STRESS BLOCK:

RESISTANCE FACTORS:

Concrete
Reinforcing

CONCRETE CON

RS:

xure

1
1

FIGURATTION

(I
cNeoNe)
~N O ©
(N

ACI-318 (2002)
English (inches, pounds)

Ratio of average concrete strength
Ratio of depth of compression block
Maximum concrete strain

Concrete compressive strength
Concrete modulus of elasticity
Reinforcing yield strength
Reinforcing modulus of elasticity

6000
4415201
60000
2_.9E+07

0.85
0.75
0.003

1 RECTANGULAR SECTIONS:
Ytop Depth

0 20

Width

20

Add

1




STRUCTWARE

SHEET C9-3 oF
JOB TITLE Verification Problem No. 9 oricINaToR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
REINFORCING CONFIGURATION
3 REINFORCING LINES:
Ybeg Length Angle Nbar Abar
2.5 15 0 3 1.27
10 15 0 2 1.27
17.5 15 0 3 1.27
LOAD CONDITIONS
(Units = K-ft)
4 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 300.0 100.0 0.0 0.0
2 400.0 100.0 0.0 0.0
3 500.0 100.0 0.0 0.0
4 600.0 100.0 0.0 0.0
MEMBER PROPERTIES
MEMBER PROPERTIES:
Member length = 256
BOUNDARY CONDITIONS:
Condition End i End j
Shear restraint 1 1

Moment restraint




STRUCTWARE

sos TiTLe Verification Problem No. 9

JOB No.

CALCULATION No.

SHEET C9-4 o
oriciNaToR RM pate 4/7/2004
REVIEWER DATE

P

X ok X ok X ok

SECTI1ON

ROGRAM

OUTPUT DATA

* K K* Kx KX KX K* *x Xk K* Kk Xk * * * K* * * K* * * * * X X

CONSEC

* X * K *x KX *x *x X * *x X * K X * K * * *x * * X X * *

oX b X % ¥

PROPERTIES

GROSS CONCRETE

Area
Ybar
1o

REINFORCING ST

Area
Ybar
lo

TRANSFORMED CONCRETE SECTION:

Area
Ybar
Inertia

INTERAC

SECTION:

4 _0000E+02
1.0000E+01

1.3333E+04 About concrete CG

EEL:

1.0160E+01
1.0000E+01

4_.2863E+02 About reinf CG

4 .5657E+02
1.0000E+01
1.5720E+04

T1ON DIAGRAM

Moments about centroid of gross concrete section

(Units = K-ft)

C

WOOOOOWOOOo

OCON~NOOOUP_WWNE
OONOUIOOONOOO
oo

10.00
10.13
10.36
11.00

Mn
0.0
61.4
209.0
347.1
406.9
425.2
493.3
548.0
571.6
593.0
620.8
630.2
653.7
672.0
674.1
677.4
665.1

Pn

-609.6 Maximum tension
-533.1

-310.9

-96.3

1.0 Pure bending

29.9

147.8

257.0

334.2 Load condition no 1
405.9

502.7 Load condition no 2
536.6

644.5

745.6

758.4 Load condition no 3
781.0 Balanced strain
874.9




STRUCTWARE

sos TiTLe Verification Problem No. 9

JOB No.

CALCULATION No.

SHEET C9-5 o
oriciNaToR RM pate 4/7/2004
REVIEWER DATE

11.35
12.00
13.00
14.00
15.00
16.00
17.00
18.00
19.00

SEC

658.6
646.4
627.2
606.5
583.6
558.1
529.7
497.9
462.6
0.0

924.1

1012.1
1140.0
1247.5
1362.2
1472.0
1578.0
1680.7
1780.6
2078.2

TION ANALYSIS

Load condition no 4

Maximum compression

(Unit

LOAD

LOAD

LOAD

LOAD

s = K-ft)
CONDITION NO 1

For Axial load
Reduction factor
Moment capacity
Moment demand

CONDITION NO 2

For Axial load
Reduction factor
Moment capacity
Moment demand

CONDITION NO 3

For Axial load
Reduction factor
Moment capacity
Moment demand

CONDITION NO 4

For Axial load
Reduction factor
Moment capacity
Moment demand

300.8
0.900
514 .4
100.0

400.6
0.797
494 .8
100.0

500.3
0.660
444 .7
100.0

600.7
0.650
428.1
100.0




STRUCTWARE

sos TiTLe Verification Problem No. 10

JOB No.

CALCULATION No.

SHEET

C10-1 o

ORIGINATOR RM

REVIEWER

pate 4/7/2004

DATE

VERIFICATION PROBLEM NO 10

Check the CAN/CSA-S6 code formulas with a reinforced concrete section similar to the one used
for Verification Problem No. 1.

File = VER10.0UT

500 mm

(8) #32 bars
As = 819 mm? / bar

65 mm to ¢ bar, typ

LOAD P Bd Mlns M2ns
(kN) (kN-m) (kN-m)
1 5100 0.87 110 220
2 3900 0.86 90 170

Column L = 6500 mm, k = 0.86




STRUCTWARE

SHEET C10-2 of
sos TiTLe Verification Problem No. 10 oricINaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
FILE = VER10.0UT

* Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk * *

* *

* PROGRAM CONSEC *

* *

* INPUT DATA ECHO *

* *

K Kk Kk Kk K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk K

4/29/02, 2:01 pm

DESIGN CRITERTIA

Design Criteria
Units

CAN/CSA-S6 (2000)
Metric (millimeters, Newtons)

MATERIAL STRENGTH:

Concrete compressive strength = 40
Concrete modulus of elasticity = 28446
Reinforcing yield strength = 400
Reinforcing modulus of elasticity = 200000
STRENGTH REDUCTION FACTORS:
Tension and flexure =1
Compression and flexure =1
Shear and torsion =1
STRESS BLOCK:
Ratio of average concrete strength = 0.79
Ratio of depth of compression block = 0.87
Maximum concrete strain = 0.0035

RESISTANCE FACTORS:

0.75
0.9

Concrete
Reinforcing

CONCRETE CONFIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth Width Add

0 500 500 1




STRUCTWARE

SHEET C10-3 or
sos TirLe Verification Problem No. 10 oricinaTor RM oate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
REINFORCING CONFIGURATION
3 REINFORCING LINES:
Ybeg Length Angle Nbar Abar
65 370 0 3 819
250 370 0 2 819
435 370 0 3 819
LOAD CONDITIONS
(Units = kN-m)
2 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 5100.0 0.0 0.0 0.0
2 3900.0 0.0 0.0 0.0
MEMBER PROPERTTIES
MEMBER PROPERTIES:
Member length = 6500
Effective length factor = 0.86
BOUNDARY CONDITIONS:
Condition End i End j
Shear restraint 1 1
Moment restraint 0 0
SLENDERNESS
(Moments in kN-m)
Moment magnification per design criteria
2 LOAD CONDITIONS:
No Mlns M2ns Mls M2s
1 110.0 220.0 0.0 0.0
2 90.0 170.0 0.0 0.0




STRUCTWARE

sos TiTLe Verification Problem No. 10

SHEET

C10-4 o

ORIGINATOR RM

pate 4/7/2004

JOB No.

CALCULATION No.

REVIEWER

DATE

X ok X ok X ok

* * K* K X *

OUTPUT DATA

* X *

* * * K X KX *

No BetaD BetaDs Tloads

1 0.87 0 0

2 0.86 0 0

No di dj ri rj

1 0 0 0 0

2 0 0 0 0

* K Kk K K K K* K* K* K K K K K Kk Kk Kk K K* KX KX K* K* KX KX X

PROGRAWM CONSEC

FoX ok X ok ¥

* * * K * KX K X *

SECTION PROPERTTIES
GROSS CONCRETE SECTION:

Area = 2.5000E+05

Ybar = 2.5000E+02

lo = 5_.2083E+09 About concrete CG
REINFORCING STEEL:

Area = 6.5520E+03

Ybar = 2.5000E+02

lo = 1.6818E+08 About reinf CG
TRANSFORMED CONCRETE SECTION:

Area = 2.8951E+05

Ybar = 2.5000E+02

Inertia = 6.2226E+09
INTERACTTION DI AGRAM

(Units = kN-m)

Moments about centroid of gross

concrete section

Cc Mn Pn
0.0 -2358.7 Maximum tension
22.83 56.5 -2123.4
45 .66 137.2 -1732.1
68.49 335.3 -680.6
91.32 442 .5 -95.2
95.44 459.5 0.1 Pure bending




STRUCTWARE

SHEET C10-5 of
JOB TITLE Verification Problem No. 10 origINATOR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

114.16 525.7 385.1
136.98 585.4 764.3
159.80 613.8 999.6
182.62 637.6 1401.4
205.44 656.7 1811.0
228.25 671.1 2185.7
251.07 680.9 2535.1
273.92 686.0 2865.8
287.27 686.8 3052.2 Balanced strain
296.77 671.0 3226.6
319.62 633.4 3711.5
328.98 617.9 3900.1 Load condition no 2
342 .47 595.5 4163.1
365.33 556.6 4587.7
388.18 516.0 4990.1
394 .62 504.1 5100.1 Load condition no 1
411.03 473.1 5373.9
433.88 427 .7 5742.1

0.0 6096.3 Maximum compression

SLENDERNESS EFFECTS

SLENDERNESS PER CAN/CSA-S6 (2000):

LOAD CONDITION 1:

Pc = 10686.1

r = 144 _338

kl/r = 38.7

kl/r limit = 28.0

Equivalent moment factor, Cm = 0.800
Non-sway magnification factor = 2.200
Sway magnification factor = 1.000
Magnified moment = 484.0

LOAD CONDITION 2:

Pc = 10743.5

r = 144 _.338

kl/r = 38.7

kI/r limit = 27.6

Equivalent moment factor, Cm = 0.812
Non-sway magnification factor = 1.573
Sway magnification factor = 1.000
Magnified moment = 267.4




STRUCTWARE

sos TiTLe Verification Problem No. 10

SHEET

C10-6 o

oricinaTorR RM

JOB No. CALCULATION No.

pate 4/7/2004

REVIEWER

DATE

SECTION ANALYSIS

(Units = kN-m)
LOAD CONDITION NO 1

For Axial load

Reduction factor
Moment capacity
Magnified moment

LOAD CONDITION NO 2

For Axial load

Reduction factor
Moment capacity
Magnified moment

5100.1
1.000
504.1
484 .0

3900.1
1.000
617.9
267.4




STRUCTWARE

SHEET 010'7 OF
sos TiTLe Verification Problem No. 10 oricINaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

DESIGN CRITERIA

Unit weight y. = 24.0 KN/m3 (2450 kg/m3) from CSA-S6 Table 3.6
E = [3000(f.)2+6900](y./2300)*° = 28446 Mpa

oy = 0.85 — 0.0015f'; = 0.79

B1 = 0.97 — 0.0025f. = 0.87

dc = 0.75

o = 0.90

INTERACTION DIAGRAM

1. Maximum tension
T=0.9x8x819x400/1000 = 2359 kN

2. Pure bending

¢ = 95.44 mm (output file)

a=0.87x95.44 =83 mm

y =41.5mm

C:=0.75x0.79 x 40 x 500 x 83 / 1000 = 984 kN

€1 = (95 — 65)(0.0035/95) = 0.001116

o1 = 0.001116 x 200000 = 223 Mpa < 0.9 x 400 = 360 Mpa
C1 =3x819 (223 - 0.75 x 0.79 x 40)/1000 = 490 kN

y =65 mm

g2 = (95 — 250)(0.0035/95) = -0.005668

o2 = -0.005668 x 200000 = -1134 Mpa < -360 MPa
T, =-2 x 819 x 360 = -590 kN

y =250 mm

T3 =-3 x 819 x 360 = -885 kN
y =435 mm

Pn=-1kN
Mn =984 x .0415 + 490 x .065 — 590 x .25 — 885 x .435 = 459 kN-m




STRUCTWARE

SHEET

C10-8 or

sos TirLe Verification Problem No. 10 oriciNnaToR RM

pate 4/7/2004

JOB No. CALCULATION No. REVIEWER

DATE

3. Balanced strain

c = 287 mm (output file)

a=0.87x287 =250 mm

y =125 mm

C:=0.75x0.79 x 40 x 500 x 250 / 1000 = 2963 kN

&1 = (287 — 65)(0.0035/287) = 0.002707

C1 =3 x819 (360 — 0.75 x 0.79 x 40)/1000 = 826 kN
y =65 mm

g2 = (287 — 250)(0.0035/287) = 0.000451
o2 = 0.000451 x 200000 = 90 Mpa
C,=2x819x90 =147 kN

y =250 mm

g3 = (287 — 435)(0.0035/287) = -0.00180
o3 =-0.00180 x 200000 = -360 Mpa

T3 =-3x819 x 360 = -885 kN

y =435 mm

Pn =3051 kN

My, = 3052 x 0.225 = 687 kN-m

4. Maximum compression

e SLENDERNESS EFFECTS

r = (5.2083x10°/ 2.5x10°)% = 144.3 mm
ki/r = 0.86 x 6500 / 144.3 = 38.7

Load case 1:

kl/r limit = 34 — 12(110/220) = 28.0
Cn=0.6+0.4x110/220=0.8
Bqg = 0.87

o1 =0.002707 x 200000 = 541 Mpa > 0.9 x 400 = 360 Mpa

Py = .75[.75X.79x40(500)%+(.9x400-.75x. 79x40)(8x819)]=6096 kN

ecc = 0.25 — (2963x.125+826x.065+147x.25-885x.435)/3051 = 0.225 m




STRUCTWARE

SHEET C10-9 of
sos TiTLe Verification Problem No. 10 oricINaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

El = (0.2El. + Esls) / (1+pg) = 3.383 x 10*°
P. = n°El / (kl)* = 10685 kN
§=0.8/[1-5100/(.75x10685)] = 2.20

M = 2.20 x 220 = 484 kN-m

Load case 2:

ki/r limit = 34 — 12(90/170) = 27.6

Cm= 0.6+ 0.4 x 90/170 = 0.812

Ba = 0.86

El = (0.2El. + Esls) / (1+Pg) = 3.4 x 10"

P. = n°El / (kI)* = 10739 kN

§=0.812/[1 - 3900 / (.75x10739)] = 1.574
M = 1.574 x 170 = 268 kN-m




STRUCTWARE

sos TiTLe Verification Problem No. 11

JOB No.

CALCULATION No.

SHEET

C11-1 o

ORIGINATOR RM

REVIEWER

pate 4/7/2004

DATE

VERIFICATION PROBLEM NO 11

Check the CSA-A23.3 code formulas with a reinforced concrete section similar to the one used
for Verification Problem No. 1.

500 mm

| 65 mm to @ bar, typ
f. =40 MPa
f, = 400 MPa
(8) #32 bars
As = 819 mm? / bar
LOAD P Bd Mlns M2ns
(kN) (kN-m) (kN-m)
1 5100 0.87 110 220
2 3900 0.86 90 170

Column L = 6500 mm, k =0.86




STRUCTWARE

SHEET Cl1-2 o

JOB TITLE Verification Problem No. 11 origINATOR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

CSA-A23.3 Verification Problem

* K K K K Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk Kk

* *

* PROGRAWM CONSEC *

*x *

* INPUT DATA ECHO *

* *

* KX K K K K K* K* K* K K K K K KX Kk Kk Kk Kx K* KX KX K* K* KX X *

(Version 1.4) 9/17/05, 9:25 am

Input file = VER11.IN

Output file = VER1l.out

DESIGN CRITERTIA

Design Criteria = CSA A23.3 (2004)
Units = Metric (millimeters, Newtons)

MATERIAL STRENGTH:

Concrete compressive strength = 40
Concrete modulus of elasticity = 28460
Reinforcing yield strength = 400
Reinforcing modulus of elasticity = 200000
STRENGTH REDUCTION FACTORS:
Tension and flexure =1
Compression and flexure = 1
Shear and torsion =1
STRESS BLOCK:
Ratio of average concrete strength = 0.79
Ratio of depth of compression block = 0.87
Maximum concrete strain = 0.0035

RESISTANCE FACTORS:

0.65
0.85

Concrete
Reinforcing

CONCRETE CONFIGURATION

1 RECTANGULAR SECTIONS:
Ytop Depth width Add

0 500 500 1




STRUCTWARE

SHEET C11-3 or
sos TirLe Verification Problem No. 11 oricinaTor RM oate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE
REINFORCING CONFIGURATION
3 REINFORCING LINES:
Ybeg Length Angle Nbar Abar
65 370 0 3 819
250 370 0 2 819
435 370 0 3 819
LOAD CONDITIONS
(Units = kN-m)
2 LOAD CONDITIONS:
No Axial Moment Shear Torsion
1 5100.0 0.0 0.0 0.0
2 3900.0 0.0 0.0 0.0
MEMBER PROPERTTIES
MEMBER PROPERTIES:
Member length = 6500
Effective length factor = 0.86
BOUNDARY CONDITIONS:
Condition End i End j
Shear restraint 1 1
Moment restraint 0 0
SLENDERNESS
(Moments in kN-m)
Moment magnification per design criteria
2 LOAD CONDITIONS:
No Mlns M2ns Mls M2s
1 110.0 220.0 0.0 0.0
2 90.0 170.0 0.0 0.0




STRUCTWARE

sos TiTLe Verification Problem No. 11

SHEET

Cl11-4 o

ORIGINATOR RM

pate 4/7/2004

JOB No.

CALCULATION No.

REVIEWER

DATE

X ok X ok X ok

* * K* K X *

OUTPUT DATA

* X *

* * * K X KX *

No BetaD BetaDs Tloads

1 0.87 0 0

2 0.86 0 0

No di dj ri rj

1 0 0 0 0

2 0 0 0 0

* K Kk K K K K* K* K* K K K K K Kk Kk Kk K K* KX KX K* K* KX KX X

PROGRAWM CONSEC

FoX ok X ok ¥

* * * K * KX K X *

SECTION PROPERTTIES
GROSS CONCRETE SECTION:

Area = 2.5000E+05

Ybar = 2.5000E+02

lo = 5_.2083E+09 About concrete CG
REINFORCING STEEL:

Area = 6.5520E+03

Ybar = 2.5000E+02

lo = 1.6818E+08 About reinf CG
TRANSFORMED CONCRETE SECTION:

Area = 2.8949E+05

Ybar = 2.5000E+02

Inertia = 6.2220E+09
INTERACTTION DI AGRAM

(Units = kN-m)

Moments about centroid of gross

concrete section

Cc Mn Pn
0.0 -2227.7 Maximum tension
24 .00 51.4 -2013.2
48.00 140.1 -1572.6
72.00 326.2 -581.8
96.00 426.6 -29.6
98.00 430.9 12.0 Pure bending
120.00 503.1 417.7




STRUCTWARE

SHEET Cl1-5 o
JOB TITLE Verification Problem No. 11 origINATOR RM DATE 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

144.00 540.8 679.2
168.00 565.3 893.7
192.00 585.4 1318.7
216.00 600.9 1699.0
240.00 612.0 2046.1
264.00 618.6 2369.2
288.00 620.7 2640.4
293.00 620.2 2703.9 Balanced strain
312.00 589.2 3088.8
336.00 550.7 3540.1
357.00 516.8 3908.9 Load condition no 2
360.00 511.9 3959.9
384.00 472.1 4354.0
408.00 430.6 4726.9
432 .00 387.0 5082.3
434.00 383.3 5111.2 Load condition no 1
456.00 341.0 5422.8
480.00 292.1 5750.7

0.0 5782.5 Maximum compression

SLENDERNESS EFFECTS

SLENDERNESS PER CSA A23.3 (2004):

LOAD CONDITION 1:

Pc = 10688.5

r = 144 _338

kl/r = 38.7

kl/r limit = 28.0

Equivalent moment factor, Cm = 0.800
Non-sway magnification factor = 2.199
Sway magnification factor = 1.000
Magnified moment = 483.8

LOAD CONDITION 2:

Pc = 10746.0

r = 144 _.338

kl/r = 38.7

kI/r limit = 31.6

Equivalent moment factor, Cm = 0.812
Non-sway magnification factor = 1.573
Sway magnification factor = 1.000
Magnified moment = 267.4




STRUCTWARE

SHEET Cl1-6 of
sos TiTLe Verification Problem No. 11 oricINaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

SECTION ANALYSIS

(Units = kN-m)
LOAD CONDITION NO 1

For Axial load = 5111.2
Reduction factor = 1.000
Moment capacity = 383.3
Magnified moment = 483.8
*** Moment capacity Is exceeded

LOAD CONDITION NO 2

For Axial load = 3908.9
Reduction factor = 1.000
Moment capacity = 516.8
Magnified moment = 267.4
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SHEET 011'7 OF
sos TiTLe Verification Problem No. 11 oricINaToR RM pate 4/7/2004
JOB No. CALCULATION No. REVIEWER DATE

e DESIGN CRITERIA

E = 4500(f'¢)* = 28460 Mpa
o1 = 0.85 — 0.0015f = 0.79
B1 = 0.97 — 0.0025f; = 0.87
o = 0.65

o, = 0.85

e INTERACTION DIAGRAM
5. Maximum tension
T=0.85x8x819 x400/1000 =2228 kN
6. Pure bending

¢ = 98 mm (output file)

a=0.87x98 =85mm

y =42.6 mm

C:=0.65x0.79 x 40 x 500 x 85/ 1000 = 876 kN

€1 = (98 — 65)(0.0035/98) = 0.001179

o1 = 0.001179 x 200000 = 236 Mpa < 0.85 x 400 = 340 Mpa
C1 =3 x819 (236 — 0.65 x 0.79 x 40)/1000 = 529 kN

y =65 mm

g2 = (98 — 250)(0.0035/98) = -0.005429

o2 = -0.005429 x 200000 = -1086 Mpa < -340 MPa
T, =-2 x 819 x 340 = -557 kN

y =250 mm

T3 =-3 x 819 x 340 = -835 kN
y =435 mm

Pn =876 — 529 — 557 — 835 = 13 kN
Mn =876 x .0426 + 529 x .065 — 557 x .25 — 835 x .435 = 431 kN-m




STRUCTWARE

SHEET

C11-8 o

sos TirLe Verification Problem No. 11 oriciNnaToR RM

pate 4/7/2004

JOB No. CALCULATION No. REVIEWER

DATE

7. Balanced strain

¢ = 293 mm (output file)

a=0.87 x293 =255 mm

y =127.5 mm

C.=0.65x0.79 x 40 x 500 x 255/ 1000 = 2619 kN

&1 = (293 — 65)(0.0035/293) = 0.002724

Cy1 =3 x819 (340 — 0.65 x 0.79 x 40)/1000 = 785 kN
y =65 mm

g2 = (293 — 250)(0.0035/293) = 0.000514
o2 = 0.000514 x 200000 = 103 Mpa
C,=2x819x103 =168 kN

y =250 mm

g3 = (293 — 435)(0.0035/293) = -0.001696
o3 =-0.001696 x 200000 = -339 Mpa

T3 =-3x819 x 339 =-834 kN

y =435 mm

Pn=2619 + 785 + 168 — 834 = 2738 kN
M, = 2738 x 0.227 = 622 kN-m

8. Maximum compression

e SLENDERNESS EFFECTS

r = (5.2083x10°/ 2.5x10°)2 = 144.3 mm
ki/r = 0.86 x 6500 / 144.3 = 38.7

Load case 1:

Cn=0.6+0.4x110/220=0.8
Bqg = 0.87

o1 = 0.002724 x 200000 = 545 Mpa > 0.85 x 400 = 340 Mpa

ki/r limit = 25 — 10(110/220) / [5100000 / (40 x 2.5x10%)]¥? = 28.0

ecc = 0.25 — (2619x.127+785x.065+168x.25-834x.435)/2738 = 0.227 m

P, = .80[.65x.79x40(500)+(.85x400-.65x.79x40)(8x819)]=5782 kN
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El = (0.2El. + Esls) / (1+pg) = 3.384 x 10*°
P. = n°El / (k)* = 10688 kN
§=0.8/[1-5100/(.75x10688)] = 2.20

M = 2.20 x 220 = 484 kN-m

Load case 2:

K/ limit = 25 — 10(90/170) / [3900000 / (40 x 2.5x10°)]"? = 31.6
Cm= 0.6+ 0.4 x 90/170 = 0.812

Ba = 0.86

El = (0.2El. + Esls) / (1+Pg) = 3.4 x 10"

P. = n°El / (kl)* = 10746 kN

§=0.812/[1 - 3900 / (.75x10746)] = 1.573

M = 1.573 x 170 = 267 kN-m






